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PREFACE TO THE SECOND EDITION. 



This work undertaken with the collaboration of a chemist 
is made necessary in consequence of nimierous subsequent 
inquiries regarding the essay appearing in the Journal for the 
Advancement of Railway Interests (Organ fiir die Fortschritte 
des Eisenbahnwesens) of the year 1893 On the Examinatioa 
and Softening of Boiler Feed-water (Ueber die Untersuchung 
und das Weichmachen des Kesselspeisewassers). 

In the above new work it was sought to show the chemi- 
cal procedure on which water purification is based, and ex- 
hibit a short and simple water analysis, and method of calcu- 
lating the quantities of reagents required for water softenirg 
to be used in practice. In it the information most vitally 
needed for practical water analysis and purification is reiterated 
and the other results of my previous essay are presented for 
use. Besides this, the report on feed-water was written oppor- 
tunely by the author for the commission of Austrian Railway 
Managers at the Railway Exposition (Paris, 1900), and as a 
result it was followed by the Report of the Technical Com- 
mittee of the Society of German Railway Managers which 
was drawn up in the year 1902 

The new treatises taken into consideration are: Critical 
Studies on Analysis and Purification of Boiler Feed-water 
(Kritische Studien uber Untersuchung und Reinigung des 
Kesselspeisewassers), by private lecturer J. Pfeifer of Budapest 
(Zeitschrift fiir angewandte Chemie, 1902, Heft 9) and Prof. 
Blacher's treatise: On the Analysis of Feed-water and the 
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Control of Water Purification (Ueber die Untersuehung des 
Kesselspeisewassers und die KontroUe der Wasser-Reinigung, 
Riga, Verlag von N. Kymmel, 1903). From the first is taken 
the excellent method of Pfeifer for the determination of magnesia, 
and from the latter is taken the hint on the necessity of warm- 
ing the sample of water for the determination of the hardness 
by means of soap solution, as well as the importance of the 
removal of the free carbonic acid by means of a blowing in of 
air. 

Regarding the work of Prof. Blacher, the priority of the 
method of reducing the several materials to calcium, for the 
first time generally applied by the author and ofl'ering so 
many advantages to the operator, must in truth be ascribed to 
a letter of Prof. Kalmann in Bielitz of July 29, 1892, to the 
author, in which he says: 

'^In reference to your method of calculating everything to 
degrees of hardness, I am in complete accord with it and I 
see therein a very beneficial simplification of the calculations 
for the non-chemist, to whom, the reduction of one compound 
into the equivalent quantity in another appears very difficult. '' 

In Blacher's article the method of easily controlling the 
purified water is developed in a very instructive way; still , 
the author cannot explain intelligently the control by means 
of the number of drops; on the contrary an inaccuracy will 
surely occur by and by, as the drops do not always have the 
same size. The result will be much more certain and clear if the 
analysis is conducted according to the author's procedure, 
in which 56 c.c. of the liquid to be analyzed is measured out 
and this titrated with 2/10 normal HCl from a burette graduated 
in 1/10 c.c. Each 1/10 c.c. of acid used will then correspond 
to a degree. 

That the author has still held to Knofler's way of determin- 
ing the magnesia instead of Pfeifer's method, after the appear- 
ance of the latter's method of magnesia determination, is 
explained by the fact that he has obtained sufficiently satis- 
factory results by Knofler's method. The person interested in 
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the magnesia determination must always take care, whether 
he uses caustic soda in an alcohoUc solution according to Knofler 
or lime-water according to Pfeifer, that both Uquids are analyzed 
for their strength in caustic s'oda or lime before using them. 

As to the use of a mixture of methyl orange and phenol- 
phthalein as an indicator, a serious objection cannot be made 
against the exclusive use of these indicators, because it gives 
a simple rapid technical water analysis whose accuracy is not 
carried out to milligrams * 

This being granted, it is now permissible to indicate the 
special purpose of this treatise, which consists in giving to the 
user of a water-purifying plant a guide to the operation, and 
to be of assistance in the installation of such machines. 

It sometimes happens in spite of the most complete chemical 
analysis (to which will be added usually instructions for purifi- 
cation of the water) that the purification when carried on for a 
time will not accomplish uniformly satisfactory results, because 
the person entrusted with the water purification lacks the knowl- 
edge of the leading conditions on which good results depend. 

This knowledge was until now possessed only by the chemist 
or by the expert engineer of the contractors who installed the 
water-purifying apparatus. Usually these fixed once for all, at 
the time of installation of the apparatus, the distribution of 
the reagents to the raw water and therefore could not foresee 
the changes naturally taking place later in the raw water, as 
well as the necessary changes in the character of the reagents. 
The result of this was often, therefore, that water-purifying 
plants, which worked well in the first place, later would not 
answer the requirements, and the user of the boiler often de- 
plored the great outlay he had made. If now the condition 
occurs that the water after the chemical purification wastes 



♦Water containing ammonia, for which methyl orange fails as an indi- 
cator, will hardly ever be used for boiler feed-water. They are dangerous to 
the boiler, as they usually contain nitric apd nitrous acid. The refusal of 
methyl orange to answer with such waters is therefore a sure indication that 
such waters should not be used. 



VI PREFACE TO THE SECOND EDITION. 

away the pipes, the rivets of the fire-box, the adjoining iron 
parts, or, when possessing certain characteristics, attacks the 
copper parts, then the purchasers often show the greatest 
embarrassment; indeed it sometimes happens, in spite of the 
resistance of the boiler-scale, that the safety of the plant and 
that of the boilers themselves is affected by the weakening of 
the plates or their means of fastening, in consequence of corro- 
sive action of feed- water changed by purification or by the 
unhindered entrance of the same after the removal of the scale- 
forming matter. 

But these bitter experiences would have been spared the 
user of the boilers if he had personally obtained a true con- 
ception of the character of his raw water, of its eventual changes 
(in the raw condition and in the boiler), and of its influence on 
the boiler materials before the installation of the purifying- 
plant; and if he had constantly investigated for himself the 
strength of his reagents, the strength of the reagent liquids 
created from the above^ and the uniformity of the pure water 
during the operation of the plant, and had made himself certain 
by frequent personal examination that no neglect occurred in 
the attendance of his purifying-plant. 

But usually the services of a chemist are not available 
for the boiler-user, and as he is dependent solely on himself and 
his organization, the necessary standards are not adhered to. 

It is therefore indispensable that he must be familiar with 
the characteristics of his water in all the forms in which it is 
used (raw, reagent, or pure water), just as he is familiar with the 
properties of the coal and other materials which he uses or 
manufactures. 

It must be possible and of importance to him to acquire 
the knowledge demanded by the character of his water. 

He should be in position to use up his existing plant, in 
order to know how eventually to install a cheap and good water- 
purifying plant himself with the help of existing reservoirs 
or tanks. 

Finally he should be in position, if he must install a new 
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continuously operating water-purifying device, to judge if the 
arrangement under consideration suits his conditions and if 
the often excessive price is proportioned to the achieved soft- 
ness of the water, and the freedom of the apparatus from 
constant attendance, etc., are founded on facts. He will also 
recognize whether it is not more advantageous to obtain it in 
some other way — ^whether to obtain at greater cost — a good 
feed-water, either by bringing it in or by deep borings. 

Fortunately the acquirement of this knowledge is possible 
by one's own efforts even to a person who is not a chemist; and 
it is the mission of this treatise to give to those interested in 
boilers the necessary insight to the inner processes by which 
water purification prevents scale formation and the maintenance 
of the -conditions required to accomplish the same. 

The acquirement of the knowledge regarding water analysis 
and softening according to the following treatise is not diffi- 
cult, as the real analysis of raw water, the calculation of 
the necessary additions for the purification of boiler feed- 
water and the softening itself requires but very little chemi- 
cal study and requires only very simple exercise, reading and 
calculation. 

Also the use of the following methods has the advantage that 
the analysis of the water, and the calculation of the amounts of 
reagents which must be added to the same, may be finished 
in an hour, and that the preparation of the reagents and the 
treatment of a test sample can be completed in from three 
to six hours, while the result of the softening itself can be 
proved correct in several minutes. 

For this we use : 

1. The Knofler system for determination of the carbonic 

acid, the magnesia, the total Ume, and finally the 
sulphuric acid (Liebig's Annalen der Chemie 1885, 
Band 229). 

2. The Pfeifer system for the determination of the 

magnesia (Zeitschrift f iir angewandte Chemie 1902, 
Heft 9). 
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3. The Kalmann formulas (MitteUungen des technolo- 
gischen Gewerbemuseums in Wien, IV. Jahrgang 
1890). 

The analysis of the water is made by means of a travelling- 
case designed by the author and weighing 8 kg, in which all the 
apparatus and chemicals necessary for the analysis of the water 
are contained. It is obtainable from Rohrbeck's Nachfolger, 
Wien, I, Karntnerstrasse. 

With reference to the necessary measures for water soften- 
ing itself, there will be described in the following treatise the 
different devices now in use both as constructed and as con- 
templated for complete plants, so that any interested person is 
in position to refer, for comparison with his own conditions, 
to a plant already built, and to install himself the cheapest 
possible plant corresponding to his requirements, as well as a 
regular company would build such a plant for him, and to make 
the necessary designs, and to form an opinion on plants laid 
before him. 

In regard to forming an opinion on the influence of the 
water on the boiler material itself, the researches concerning 
this are not yet concluded; yet it is sufficient in the first 
place to indicate these influences and to point out the way in 
which the chemist should proceed in order that not only boiler- 
scale formation but corrosion as well be prevented. This 
can only be accomplished by a comparative analysis of the 
raw water, the purified water, and the water in the boiler; and 
it is clear that by the higher pressure and by the increasing 
concentration of the substances, chlorine, sulphuric acid, 
nitric acid, organic substances, caustic soda, and soda-ash, 
a destructive action of the concentrated boiler-water on the 
material of the boiler is made possible. In what manner this 
corrosion will take place the expert chemist can tell if an ex- 
tended series of definite observations have been made. The 
boiler-user will perceive from these comparisons whether the 
water must be renewed oftener or another water altogether 
obtained. 
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The author cannot close these preliminary remarks without 
expressing his sincere thanks for the assistance he has received 
in carrying out these researches by the Government Railway, the 
Emperor Ferdinand's Northern Railway, the Southern Railway 
Co., the Austrian Northwestern and Southern North German 
connecting line, the Domain Direct, and the Austrian National 
Railway Co., which by the sanction to plans have made it 
possible to test practically several of the devices hereinafter 
described. 

With regard to the plans the engineer of the Prick Com- 
pany, Herr E. v. Holbling, has been employed with zeal and 
aptitude, and several of the plans mentioned in Study IX were 
worked out by him. 

Edm. Wehrenfennig, 
Mechanical Engineer. 
Vienna, January, 1905. 



TRANSLATOR'S PREFACE. 



The following work was translated first for personal informa- 
tion, but the data contained therein is so practical that the book 
should prove of considerable value. With its aid the subject of 
purification and analysis is made plain to even those who are not 
chemists. 

The application of Kalmann's formula affords an easy method 
for estimatii g and correcting the treatment in present plants. 

The weir system of distributing the water and the displacement 
system of introducing the lime and soda-ash solutions foreshadow 
desirable improvements to types of softeners now in use in this 
country. The experience of the German railroads in water-softening 
should be of some value to the American roads now generally 
introducing softening-plants. 

While following the German text closely in the reading matter, 
the translator has taken the liberty of rearranging some parts of 
the book so that the subjects will follow in a more desirable sequence. 

D. W. P. 
Philadelphia, June, 1906. 
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THE ANALYSIS AND SOFTENING OF 
BOILER FEED-WATER. 



CHAPTER I. 

IMPURITIES IN WATER. 

Causes of the Pollution of Water. 

According to Prof. Hochstetter no water, whether it falls 
from the air as snow or rain, is completely pure. The rain- 
water contains the gaseous matter of the air (up to 1/20 of 
the volume of the water) and carbonic acid (CO2) (up to 
1/110 of the volume of the water), also very often nitric acid 
(N2O6) (in thunder-showers) and ammonia (NH3) absorbed 
and dissolved. The oxygen (0) makes the water carried to the 
earth a weakly oxidizing reagent and the strength in carbonic 
acid makes it a weak acid. 

What this seeping water loses in immediate energy will 
be replaced by the quantity continually falling and by the 
imlimited duration of the reaction 

Easily soluble rocks or minerals and salts, as rock salt 
^NaCl), potassium chloride (KCl), sodium carbonate (Na2C03), 
potassium sulphate (K2SO4), sodium sulphate (Na2S04), 
gypsum (CaS04), may be entirely dissolved by the seeping 
water. 
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100 parts of pure water will dissolve: 
Potassium chloride (KCl). ..... 32.6 parts at IS"" C. 



Sodium ^' (NaCl) 35.7 

Magnesium '' (MgClg) 30.7 

Potassium carbonate (K2CO3). ... 24.4 

Sodium ^' (NagCOa)... 8.3 

Potassium sulphate (K2SO4). . . . 10.3 

Sodium '^ (Na2S04).. .16.3 

Calcium ^' (CaS04) 24 



c 150 cc 
i 210 iC 



Water containing carbonic acid acts on many rocks and 
minerals not affected by pure water, especially on the carbonates 
calcite, dolomite, magnesite, spathic iron ore, which are very 
slightly soluble in pure water, but are dissolved in large quantities 
as bicarbonates in water containing carbonic acid, as, for ex- 
ample, calcite as CaH2(C03)2. 

100 parts of water containing carbonic apid will dissolve : 

Calcite (CaCOa) 10 to 12 parts 

Dolomite (CaMg(C03)2) Is.l 

Magnesite (MgCOa) 12 '' (?) 

Spathic iron ore (FeCOa) 7.2 

Also the apparently insoluble compounds — silicates, as feld- 
spar (K2Al2Si60i6), mica, which is a silicate of potassium, 
magnesium and aluminum, hornblende, which contains silica 
hydrate with almninum oxide, magdesium oxide, calcium oxide 
(as well as soda), and usually some iron — may be split up by 
water containing carbonic acid, especially at high temperatures 
and high pressure, and held in solution in the form of carbonates 
and bicarbonates according to their strength in potassium, 
sodium, calcium, magnesium, manganese, etc. . 

The water circulating in the ground burdens itself with 
the dissolved compounds and brings them againt to the surface 
as component parts of spring-water. 
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Under the influence of the atmosphere and flowing water 
the rocks will be loosened, shattered, washed out and worn 
away and the result of the destruction of the rocks from the 
action of the atmosphere will be partly chemical where the 
substances of the rocks will be changed and partly mechanical 
where the rocks will be dissolved in particles without changing 
their substance. 

Usually both processes occur simultaneously and mutually 
aid each other. While the chemical changes caused by the 
atmosphere are effected by the component parts of the air, 
carbonic acid and oxygen, as well as the water, the water acts 
simultaneously in a mechanical manner. But the changes in 
temperature act in the most strongly mechanical manner. 
Plants act to a smaller degree in aiding the destruction of rocks 
by the weather. 

The wearing away of the rocks under the chemically acting 
influence of the atmosphere and the water consists of an oxi- 
dizing process first and then the formation of hydrates. 

Many rocks, as granite, limestone, sandstone, clay which 
contains small amounts of iron in the form silicon ferric oxide 
or ferric carbonate and in a free state possess a bluish-gray 
or greenish color, will become a rusty brown (brown ironstone) 
when imder the influence of the acid ingredients of the atmos.- 
phere and iron hydroxide of the water. These changes are 
accompanied with a loosening and scaly or globular separation 
of the rocks, which takes place first on the upper surface and 
continually works deeper into the stratas of the rocks; separated 
pieces frequently show a brown exterior and an inner undis- 
turbed center of the original color of the rock. Spathic iron- 
ore deposits (ferric carbonate) are changed by the atmosphere 
in this manner to limonite (ferric hydrate). 

Rocks containing feldspar, as granite, porphyry, trachyte, 
gneiss, granulite, etc., will be loosened and decomposed into 
gravel by the decomposition of the feldspar in their inner 
stratas. The underlying feldspar will be dissolved as orthoclase 
under the influence of water containing carbonic acid. A 



4 ANALYSIS AND SOFTENING OF BOILER FEED-WATER, 

kaolinizing process will result, while the alkalies and the lime- 
stone of the feldspar will be carried away as carbonate salts, a. 
part of the silica will be liberated in soluble form, and the silicious. 
clay will remain behind as porcelain earth or kaolin. Likewise 
other silicates, as hornblende, augite, etc., are undergoing a con- 
tinual wearing away. Olivin will be changed into serpentine 
by the admission of water and this will be converted inta 
magnesium carbonate and ferric hydroxide by water con- 
taining carbonic acid, while the silica will segregate itself in the 
form of opals or as hydrated silicate of magnesia in the form 
of meerschaum. 

Water containing carbonic acid dissolves the calcium car- 
bonate of limestone as bicarbonate, and by carrying away the 
latter from dolomitic rocks causes their cavernous structure and 
their disintegration to powder known as ashes of dolomite or 
slack. 

On the contrary, quartz and mica resist in an extraordinary 
manner the decomposing influences of the weather, on which 
account these minerals are mechanically shattered and reduced 
in size but are unchanged chemically; also the chief part of all 
sand deposits are made from these.* 

• The action of the changes caused by the weather, in so far 
as they have an effect on the loosening of the stratas and 
bursting open the rocks, are principally aided by the changes, 
of temperature from day to night and of the seasons of the 
year, to which the outer layers of the earth's surface are sub- 
jected. Of all these the most energetic means of breaking up the 
rocks is the change in temperature by which water is frozen. 
One volume of water at 0° expands to 1.09 volume of ice on 
freezing (ice has a density of .9) and exerts in consequence 
of this an enormous bursting pressure. Therefore the formation 
of massive heaps of mountains and the numerous blocks in 
the colder climates and in high mountains, while in warm places 



* Water from crystalline mountain formations are the least contaminated 
chemically, but contain floating particles of mineral or organic origin. 
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there is more often a decomposition reaching far into the 
earth as a consequence of the chemical action of the seeping 
water. Lastly, the plants act destructively chemically by the 
organic acids, which their roots often throw out, and by the 
carbonic acid, which they jdeld on dying and decaying, and 
mechanically by the often irresistible growth of their roots 
which penetrate the fine layers of the rocks. 

From this literal repetition of Hochstetter's argument it is 
assimied that the water raised as vapor to the clouds and falling 
again to the earth by absorption of the gaseous matter in the 
air or earth, by mixing with water on the ground, already con- 
taminated by dissolving matter changed by the weather and 
made small and rocks unchanged chemically, and by the decay 
of organic bodies, at length becomes burdened more or less 
with foreign matter. 

To this argument it must be added that in the earth itself 
many changes of the salts already dissolved in the water take 
place. For example, the gypsum and the carbonate of magnesia 
change slowly into carbonate of lime and sulphate of magnesia, 
in which the former in the presence of perishable material changes 
again on accoimt of carbonic acid produced by the latter into 
bicarbonate of lime. Nitrogenous organic matter produces by 
decomposition the formation of ammonia compounds or the 
formation of nitrate salts in the presence of lime, magnesia, or 
other bases. 

Thus a great number of compounds are produced which 
first occur in the ground and are caused in consequence of 
changing oxidations or reductions. 

If the organic material is sulphurous or is present as 
pyrites in the ground, sulphuric acid may easily be formed; 
if iron is contained in the water it readily forms with algse the 
often-observed appearance of the so-called iron water, etc. 

We differentiate them chiefly as spring-, surface-, or river- 
water. Most spring- and surface-waters in their course through 
the earth^s stratas take up more or less soluble material; on 
the contrary, river-water takes up less of such substances, but 
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contains a greater quantity of suspended particles, usually of 
organic origin * 

Comparing, for example, the spring-water of Kaiserbrunnen 
in the Semmering district with the flowing water of the Donau . 
and a water from the subterranean watercourses of the Donau 
(from the vicinity of the North Western railway station), they 
contain : 



The Water contained 
(in 100,000 parts). 


The Kaiser- 
brunnen. 


The Donau, 
1878. 


The Northwestern 
Railway Station. 


In fixed constituent parts. . . 
'Calcium carbonate 


13 . 95 parts 
10.31 '' 
1.85 '' 


17.21 parts 
9.79 '' 
3.49 '' 


over 87.21 parts 
10 16 " 


Magnesium carbonate 

Magnesium chloride 


19.00 " 
1 71 " 


iSodium chloride 


. 15 part 
.17 *' 
.11 '' 
.76 " 


small trace 

ft It 

ti tt 
1.65 parts 


5 62 " 


Sodium sulphate 


? 


Potassium sulphate 

■Calcium sulohate 


? 
25 89 " 


Calcium nitrate 


22 03 " 


Silicic acid 


. 18 part 
.42 '' 


small trace 
.56 part 


1.16 " 


Organic matter 


1.70 " 







The mountain spring-water of the Kaiserbrunnen is there- 
fore to be designated as very pure; the ground-water from 
the subterraneous watercourse of the Donau contains very 



* Yet it also occurs, for example, that the tributaries of larger rivers, 
flowing for considerable stretches through meadows, become highly charged 
with decaying organic matter and therefore carry carbonic acid holding 
calcium and magnesia in solution, producing a water which contains much 
more dissolved material than the water of the main stream. We may not 
indulge in the illusion that such a water, for example, taken from a tribu- 
tary of the Donau, fed into a boiler, would only create a small amount of 
boiler-scale, as if water from the main stream of the Donau were used. Still 
less may we believe that water from wells dug only a meter away from the 
river-bed would give a water whose characteristics were similar to that of 
the river-water. Only from wells which are in direct connection with the 
river and which are not subjected to muddiness by this connection, contin- 
ually yield a water whose characteristics are similar to the river-water. If 
the river-bed of the main stream should be so far away that it is not pos- 
sible to have a direct connection with the river, it is better in most cases 
to use a purified well-water, as its composition will be less frequently changed 
.and we will not have to change the chemical additions to it so often. 
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considerable amounts of calcium and magnesia, carbonic acid, 
and nitric acid. 

But ground-water is not alone in being often contaminated 
to a high degree; spring-water may also contain an extraordinary- 
amount of dissolved matter. 

For example, the Lorenz spring of Leukerbad, Switzerland, 
carries over 200 cu. m. of gypsum (CaS04) to the surface in a 
year; the Karlsbad springs carry yearly nearly 6,000,000 kilo- 
grams of fixed matter, while the water of the greater rivers 
contain only 20 parts of fixed particles in 100,000 parts of 
water according to J. Roth, which are composed of 

60 . 1% carbonates, 

9.9% sulphates, 

5.2% chlorites, and 
24 . 8% other substances, 

such as silica, oxides of alumina and iron, and organic particles. 

Artesian-well water similarly often contains large quantities 
of bicarbonate of soda, besides calcium and magnesia compounds. 

In this manner the water takes up a large number and 
amount of different compounds which often react on one another 
and form new compounds. For purification chemical means 
must be used, which must be added to the water in proper 
amounts, determined by analysis, and clearing-chambers used 
in which the coarse and heavy precipitates settle by their own 
weight, and in addition closed filters must be used to remove 
the finer precipitates, and also by a small velocity of the water 
flowing through the segregation of the material carried along 
is accomplished. 

Water which at the same time is mechanically and chemically 
contaminated requires devices for chemical purification and 
filtration. In general the chemical purification precedes the 
mechanical and the latter follows after. By specially devised 
arrangements of the purifying devices and by special design 
of the system, filters may be dispensed with if the mechanical 
pollution is enveloped by the flakes caused by the addition c£ 
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chemicals, and they are carried down with them and com- 
pletely retained in the apparatus. 

In General. 

Water purification has the object of making available 
for use, for boiler feeding, special waters through chemical 
mixtures and mechanical purification 

The pollution of water may come from substances mechan- 
ically mixed and from dissolved chemical matter. 

The pollution by mechanical mixture may be removed by 
sedimentation or by filters. 

The latter may be natural (sand or gravel banks) or arti- 
ficial filters (excelsior, coke, sand, charcoal, cellular material, 
etc.). 

The chemically mixed parts consist of minerals easily 
soluble in water, as gypsum, Glauber's salt, Epsom salt, chlorine 
compounds, etc., and such minerals as are only soluble in water 
containing carbonic acid, as limestone, dolomite, magnesia, and 
iron ore. 

In regard to the chemical purification of water the chief con- 
sideration is given to those materials contained in water which 
are precipitated by heat and then form boiler incrustation. 
The most important of these are the carbonates of calcium 
and magnesium, as well as the sulphate of calcium. 

The quantities of these salts in water may be measured by 
German degrees of hardness. 

A German degree of hardness is the solution of one (1) 
part Calcium (CaO) in 100,000 parts of water, or a solution con- 
taining .01 gram of calcium in one (1) liter of water.* 

All mineral mixtures may be calculated with advantage by 
considering the proportion of their molecular weight to the 
molecular weight of calcium. 

As the molecular weight of calcium bears the proportion 
to that of magnesia as 56 : 40, the magnesia contained in water^ 

* One (1) French degree of hardness = .01 part CaCOg contained in 1 liter 
of water = 1.79 German degrees of hardness. 
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expressed in German degrees of hardness, may be found by 
multiplying the grams of magnesia contained in a liter of water 
by the product (56/40) X 100 = 140. 

In the same manner we calculate the bound carbonic acid, 
in German degrees of hardness, contained in water, by mul- 
tiplying the quantity in grams contained in one liter of water 
by (56/44) X 100 = 127, etc. 

Under hardness of water, or total hardness (absolute 
hardness), is included the sum of the calcium contained as 
CaO and the magnesia (MgO) calculated to CaO and expressed 
in German degrees of hardness. 

By the older observations, the remaining or permanent 
hardness was understood that hardness obtained after heating 
a water so that the carbonic acid was driven off without con- 
centrating the liquid. 

By later observations the permanent hardness means that 
which is communicated to water by the calcium and magnesium 
compounds not boimd by carbonic acid. 

The difference between the total hardness and the permanent 

hardness was called the temporary hardness in the old sense. 

It is now determined by titrating a measured quantity of water 

/2N \ 
with 2/iQ normal hydrochloric acid f -r^ HCl ) with the use of 

an indicator and color change. 

The difference between the total hardness and the hardness 
which is obtained by titrating with ^/^q normal hydrochloric 
acid is called the permanent hardness in the newer meaning. 

For the estimation of water from the standpoint of its 
employment for boiler feeding, this hardness must always 
be influential as opposed to clearness, as the question always 
depends on the former. 

The chemical purification of water, is effected by the 
addition of caustic Ume (dissolved calcium) and soda.* 

* Of the barium treatment of Reisert at Cologne no more can be said 
in this respect than that it first came to the knowledge of the writer during 
the printing of this work. 
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The chemical purification of water may be considered accom- 
pUshed when it shows not more than 10-12 German degrees of 
total hardness. 

If the water has a higher content of lime and magnesia, 
it should be purified, or the boiler must be operated very care- 
fully and often washed out. 

The chemically purified water may contain only a certain 
per cent surplus quantity of the caustic Ume and soda employed 
for the purification, since from these two materials caustic 
alkali forms. 

The amount of syrplus caustic hme or soda, or caustic soda, 
is called the alkalinity. This is determined by titrating with 
Vio normal hydrochloric acid. The number of cubic centimeters 
of HCl used multipUed by 2.8 gives (very nearly) the content 
of boimd carbonic acid (temporary hardness) in Ume degrees 
in the neutral water. 

The alkaUnity will likewise be measured in degrees, and at 
the most should not exceed half the degrees of hardness which 
the softened water still possesses. 

The hardness cannot go below 3 German degrees, as car- 
bonate of calcium is soluble to this extent. 



CHAPTER II. 

THE ANALYSIS OF WATERS. 

1. Instructions for the Obtaining of an Average Sample 
OF Water for Analysis. 

A well-cleansed glass flask, preferably with a glass 
stopper, serves best for a sampling-vessel. 

If a cork is used, it must be soaked several times before 
using, in the water under consideration, or all dirt washed out 
of it. 

In filling the vessel, it must be dipped in the water to be 
sampled so as to avoid the usual dust and other foreign matter 
floating on the surface, as well as the muddy bottom. 

In every case the flask must be completely filled, emptied 
again, rinsed out several times with the water, and finally 
filled as at first. 

If the water is pumped from a well, the first water which 
has stood long in the pipes must be allowed to run off, and 
sample taken from the later flowing part. 

Conduit water must be taken from the conduit and not 
out of a reservoir. 

From flowing streams into which at times waste water 
from factories enters,, similar samples of the water must be 
taken at different hours for several days, where such pollution 
is suspected, in filled glass flasks holding 5 to 10 liters, and 
samples well mixed. 

The analysis of water for scale-forming matter by deter- 
mining the total hardness, the permanent and temporary 
hardness, the lime and magnesia contents, may be obtained 

11 
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by the engineer himself with the aid of this treatise; the de- 
termination of the corrosive matter, on the other hand, must 
continue to be turned over to the chemical laboratory. 

In all questions concerning water an analysis may be 
employed with advantage. 

2. Total Hardness. 

The determination of the total hardness may be obtained 
by Clark's method, an alcoholic titrating soap solution of 
which 45 c.c. are necessary to satisfy 12 mg. of lime in 100 c.c. 
of water or to indicate 12° of hardness. 

In order to make the first test for this determination 
take 10 c.c. of the water in a graduated glass cylinder and 
fill with distilled water to the 100-c.c. mark, giving a 10th 
part dilution of the water, and then pour this mixture 
into a shaking-flask. Into this run first 5 or 6 c.c. of soap 
solution from a burette graduated in 1/10 c.c, shake rapidly, 
add more soap solution, shake again and repeat the operation, 
until a thick, strong foam forms, not cheesy, and with lower 
edge sharply defined, which remains on top of the liquid five 
minutes practically unchanged and without subsiding. The 
amount of soap solution used indicates the hardness. 

In the beginning allow the soap solution to flow in freely 
between each shaking; towards the end add by drops .5 to 
1.0 c.c. at each time until a small surplus is evident by noting 
the formation of foam. 

The shaking must always take place in the same manner, 
and it is best to shake up and down, grasping the neck and 
stopper of the glass with the right hand and the bottom of 
the glass with the left. 

For special investigation of soft water of from 20° of hard- 
ness down use 50 or 25 c.c; for harder waters of more than 20° 
of hardness use 25 or 10 c.c. of the water to be examined, so 
that the amount of soap solution which is necessary for the 
determination of the absolute hardness does not exceed 45 c.c 
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The necessary amount, which has been determined by 
this preUminary experiment, is allowed to flow in in this man- 
ner, shaking violently after each addition of 5 or 6 c.c. As 
we near the known point of satisfaction add only 1 to 2 c.c, 
and when bringing the determination to an end shake after 
the addition at long intervals of each single drop. So long 
as the foam is membranous, clotted, or cheesy, the deter- 
mination of the hardness is not completed, and it will be nec- 
essary in such waters to use a greater dilution, of 90 c.c. of 
distilled water to 10 c.c. of the mixture. 

With a water containing magnesia, we must be careful, 
on account of the quickly resulting transposition of the lime 
with the fatty acids of the soap forming foam long before 
the completion of the determination, to continue the titration 
until the final result is reached. This foam vanishes after 
standing a while. Its formation indicates the approximate 
amount of calcium in the water. It is also necessary with 
water containing magnesia not to conclude the experiment 
too quickly after the formation of the second foam, as the 
true result is often given by later shaking. By quickly carry- 
ing out the experiment a too small hardness is given, because 
the chemical reaction and the transposition of the magnesia 
with the fatty acids of the soap requires time. 

According to Prof. C. Blacher of Riga it is advantageous 
to carry out the determination of the hardness in a neutral 
warmed condition of the water, and to drive out the free car- 
bonic acid of the water by the blowing in of air. 

From the cubic centimeters of soap solution used we may 
find with the help of the following table the hardnesc expressed 
in degrees, which in case of previous dilution is to be multi- 
plied by the coefficient of dilution. 

If we have used only 10 to 25 c.c. of water (diluted to 
100 c.c), the degree of hardness indicated is to be multiplied 
by 10 or 4 respectively. 

The use of this table is simple. If you do not find the 
cubic centimeters of soap solution used indicated in the table. 
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TABLE GIVING THE DIFFERENT DEGREES OF HARDNESft 
ACCORDING TO THE QUANTITY OF SOAP SOLUTION USED. 

(Faist and Knauss.) 

Soap Solution used. Degree of Hardness. 

3.4 c.c 0.5 

5.4 " 1.0 

7.4 '' 1.5 

9.4 " 2.0 

The difference of 1 c.c. soap solution = .25 degree of hardness. 

11.3 c.c 2.5 

13.2 " 3.0 

15.1 '' 3.5 

17.0 '' , 4.0 

18.9 '* 4.5 

20.8 " 5.0 

The difference of 1 c.c. soap solution = .26 degree of hardnes?.. 

22.6 c.c 5.5 

22.4 '' 6.0 

26.2 " 6.5 

28.0 *' 7.0 

29.8 '' 7.5 

31.6 '' 8.0 

The difference of 1 c.c. soap solution = .277 degree of hardness. 

33.3 c.c 8.5 

35.0 '' 9.0 

36.7 '' 9.5 

38.4 '' 10.0 

40.1 " 10.5 

41.8 '* 11.0 

The difference of 1 c.c. soap solution = .294 degree of hardness. 

43.3 c.c 11.5 

45.0 " 12.0 

The difference of 1 c.c. soap solution = .31 degree of hardness. 

take the number standing nearest to the left of the cubic centi- 
meter soap solution used and note the hardness expressed in 
degrees. The difference between the number taken from the 
table and that found is multiplied by the fraction of a degree 
of hardness found thereunder, which expresses the difference 
of 1 c.c. of soap solution. The product so obtained is either 
added to or subtracted from the degree of hardness first 
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noted, according as the amount used was remote from the 
figure in the table or vice versa. 

Example, — ^To 20 c.c. of water diluted to 100 c.c. with 
■distilled water has been added 36.2 c.c. soap solution; this 
indicates 9.35° of hardness, for 36.7 c.c. =9.5; the difference 
between 36.7 and the number used, 36.2, is .5, therefore 
^5 X. 295 = .15; 9.5 -.15 = 9.35°. The absolute hardness of the 
^ater is therefore expressed by 9.35X5=46.75° of hardness, 
as the water was diluted five times. 

According to Prof. Wartha the absolute hardness can be 
^ascertained in the following manner:* 

100 c.c. of water with alizarin added as an indicator was 
lieated and titrated with Vio normal hydrochloric acid, until 
the beet-red color changed to yellow, and also until on further 
-heating it did not return again. 

The number of c.c. of Vio normal hydrochloric acid used 
;^ves the '' alkaUnity '' of the water. Then each cubic centi- 

N 
meter of t^ HC1X2.8 indicates milligrams of CaO; the num- 
ber of cubic centimeters of ^/lo normal hydrochloric acid 
used multiplied by 2.7 gives the temporary hardness in Ger- 
man degrees. The neutraUzed water will now be treated 
with an excess of a solution composed of equal parts Vio 

/N \ /N 

normal NaOH (t^ NaOH) and Vio normal Na2C03 (t^ 

Na2C03), heated several minutes, cooled, filled up to 200 c.c, 
filtered, and the excess of alkali determined in 100 c.c. of the 
filtrate by titrating with Vio normal hydrochloric acid, using 
methyl orange as an indicator. The number of c.c. of alkali 
used to satisfy 200 c.c. of the filtrates, multiplied by 5.6, gives 
the absolute hardness in German degrees. 

If the total hardness is less than would correspond to the 
temporary hardness, this would indicate the sodium carbonate 
■content of the water. 

* Zeitschrift fiir angewandte Chemie 1902, Heft 9. Critical Study of 
tlie Investigation and Purification of Boiler Feed-water, by J. Pfeifer, 
Rivate Lecturer, Budapest. (Kritische Studien iiber UntersucKung und 
Reinigung des Kesselspeisewassers von Privatdozent J. Pfeifer, Budapest.) 
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3. Permanent and Temporary Hardness. 

The determination of the permanent or remaining hard- 
ness meant, after the old style, that given by 100 c.c. of the 
water tested in a heating-flask and marked by means of a 
color-Une at the surface of the water. 

To this sample of water add about 60 c.c. of distilled 
water, heat, while, to distribute the flame, place the heating- 
flask on a wire gauze until the surface of the water sinks 
again to the given mark through the color-Une and then 
filter through a filter-paper dampened with distilled water. 
Should there not be more than 100 c.c. of the filtrate after 
this, fill to 100 c.c. with distilled water and proceed as for the 
determination of total hardness. 

As by heating thus to greater concentration the sulphate- 
of lime may be precipitated, care is to be taken that the sur- 
face of the water is not allowed to come below the mark. It 
is important to observe whether the heating vessel has a 
coating fastened to it, or if a precipitate falls, as by this heat- 
ing the affinity of the scale-forming matter may be weakened. 

In the newer understanding the remaining or permanent 
hardness is the difference between the temporary hardness 
and the total hardness. The determination of the temporary 
hardness is made in the following manner: Add to 56 c.c. of 
the raw water 2 drops of methyl orange-phenolphthalein solu- 
tion and then add ^/^q normal hydrochloric acid ( zr^ HCl) 

from a burette graduated in Vio c.c. until the color change 
takes place from yellow to red. The number of Vio c.c. of 
2/ 10 normal hydrochloric acid used gi^ es the degrees of tem- 
porary hardness and therewith the approximate amount of 
bound carbonic acid. 

The most used indicator is methyl orange, which is obtained 
by the dissolving of 1 gr. in 250 c.c. of alcohol. But a solu- 
tion of aUzarin may also be used for the purpose. In the pre- 
vious case we recommend the use of methyl-orange, as to the 
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same may also be added phenolphthalein (1 gr. dissolved in- 
250 c.c. alcohol). This gives us a color indicator applicable 
with advantage to the following analyses. 

4. Determination of the Bound Carbonic Acid, the Mag- 
nesia, AND THE Lime according to Knofler. 

Knofler's process* is a titrating process with soap solu- 
tion similar to the process of investigation we have mentioned; 
that is, it is known, of the solution used, how many grams of 
the material are contained dissolved in a liter of the Uquid. 

Therefore, if we have established by a test the permanent 
composition of the Uquid, we can calculate, on the basis of 
the chemical equations between the molecular weight and the 
observed quantity of the solution added, how much of the 
material to be determined is present in the material analyzed. 
The completion of the determination will be known by the 
change of color of an indicator which, according to Knofler, 
consists of a mixture of phenolphthalein and methyl orange. 

These indicators have the property of coloring the water 
yellow if it has a neutral reaction, but if otherwise to impart 
either orange or red, if the slightest excess of acid or alkali 
exists. 

Phenolphthalein alone is colorless in acid solution; 

*' w << j.gj jj^ alkaline solution; 

Methyl orange " '' ^' *^ acid solution; 

' ' ' ' < < < < yellow in neutral and alkaline solution. 

A mixture therefore shows in either case an unmistakable 
color change, passing always through yellow. 

For titrating according to Knofler's process we employ a 

/2N \ 

so-called ^/^q normal solution Ittt solution), this solution sig- 
nifies one which expresses .2 of the equivalent weight of the 

* O. Knofler's Alkalimetry. Justus Liebig's Annals of Chemistry, 1885,. 
Volume 229. (O. Knofler's Alkalimetrie. Justus Liebig's Annalen der 
Chemie 1885, Band 229.) 
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a,cid or base under consideration contained dissolved in one 
liter. The value of this solution is therefore equivalent to 
560° of lime (degrees of lime hardness.) 

Knofler recommends ^/^^ normal hydrochloric acid, 
2/10 normal soda, 
2/10 caustic soda 
in an alcoholic solution. 

If the normal hydrochloric acid contained in a liter of 
water is 36.5 grams, the equivalent weight of the HC1 = 36.5. 

The 2/10 normal hydrochloric acid will therefore contain 
^36.5x2/10 = 7.30 grams to the liter, and a cubic centimeter 
contains .0073 gram HCl. 

The 2/10 normal soda on the other hand contains 53 X 2/10 = 
10.6 grams to the liter, or .0106 gram per cubic centimeter. 

The Vio caustic soda contains 40x2/10 = 8 grams per liter 
or .008 gram per cubic centimeter. 

Knofler places 100 c.c. of the water to be tested for its 
quantity of bound carbonic acid, lime, and total hardness 
in a beaker, adds to it 1 to 2 drops of indicator, determines 
the carbonic acid by titrating with ^/^^ normal acid until the 
color changes,* places it aside for heating a little more, and 
titrates with caustic soda in an alcohoUc solution, so that 
it becomes yellow again through the heating, adding only 
•enough Hquid caustic soda to give the proper alkaline efi*ect 
(not so much as to cause the precipitation of lime, or not at the 
most an excess of 1 c.c). 

Then filter the hquid through a moist filter-paper into a 
glass beaker. Now add once more ^/^q normal hydrochloric 
acid until the red color shows, indicating that the excess of 
caustic soda is neutralized and determining the quantity of 
magnesia. 

Then heat it again and add ^/^q normal soda solution until 
a distinct redness appears. It will now again be heated a 



* To orange. 
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short time, which will precipitate the lime. If on heating 
the Uquid continues yellow, add a fm-ther measured quantity 
of 2/10 normal soda solution to it, and filter the Uquid as before 
through a filter-paper. A small quantity of the clear, red 
filtered Uquid, which must give no precipitate when treated with 
oxalate of ammonia, is now treated with ^/^q normal hydro- 
chloric acid untU redness begins again, giving the total lime, while 
by adding the magnesia found, calculated in degrees of lime, to the 
total lime the total hardness is found, which can be checked 
with the determination found with the soap solution. Through 
this process is known (a) the boimd carbonic acid, (6) the total 
Ume, and (c) the absolute hardness, if the various Uquids are 
strictly normal; at the same time, if they are under their 
equivalent strength, we may, by ^simple deductions from previous 
titrations of them, reduce them to terms of ^/lo normal HCl 
and know from the cubic centimeters of NaOH and soda solu- 
tion used on one side to precipitate the magnesia, iron, and other 
compounds the cubic, centimeters used for the lime on the other. 

If the strength of the solutions has not been fixed exactly, 
one must rectify the result accordingly 

The approximate result, or the rectified number, multiplied 
by 5.6 gives the corresponding degrees of Ume; multipUed 
by 10.6 it gives the corresponding equivalent quantity of soda- 
ash in grams in 100 Uters of water (if the Ume is entirely in 
solution in the water) as 

1 Uter normal solution of caustic lime would contain 

28 gr. CaO, therefore 1 Uter of 2/10 normal solution 

contains 5.6 gr. CaO. 
1 Uter normal solution of soda-ash would contain 53 gr. 

Na2C03, therefore 1 Uter of ^/^q normal solution 

contains 10.6 gr. soda. 

It is convenient to calculate the ascertained amounts of 
calcium carbonate and magnesium oxide, etc., as Ume. This is 
accompUshed by the use of the equivalent weights of the dif- 
ferent materials. 
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For transposing into degrees of lime hardness we have as 
the equivalent, therefore, 

- 40. 



of caustic soda is 

1 lime degree represents 
" 100% soda is - 53. 

1 lime degree represents 
" calcium carbonate is = 50. 

1 lime degree represents 
" calcium bicarbonate is = 81. 

1 lime degree represents 
' ' calcium sulphate is »= 68. 

1 lime degree represents 
" magnesium sulphate is = 60. 

1 lime degree represents 
" magnesium bicarbonate is =73. 

1 lime degree represents 
'* magnesium carbonate is = 42. 

1 lime degree represents 
*' calcium is =28. 

1 lime degree represents 
*' carbonic acid is =22. 

1 lime degree represents 
'* magnesia is =20. 

1 lime degree represents 
' ' sodium bisulphate is =120. 

1 lime degree represents 
" iron sulphate is =139. 

1 lime degree represents 



40/28 = 1.43 gr. NaOH 



53/28 = 1.89 




Na^CO, 


50/28 = 1.79 




CaCOa 


81/28 = 2.89 




CaH^CCOa), 


68/28 = 2.43 




CaSO, 


60/28 = 2.14 




MgSO, 


73/28 = 2.61 




MgH^CCOO, 


42/28 = 1.50 




MgCOa 



28/28 = 1. 



CaQ 



22/28- .786 '' CO2 
20/28= .714 '' MgO 



120/28 = 4.28 



NaHSO, 



FeSO, + 7H20 



139/28 = 4.96 

Take for example a water which has required 4.23 c.c. 
2/10 normal HCl to change color (from yellow to beginning red), 
then to which 4.7 c.c. ^/iq normal soda is added, and that 
afterward only begins to redden with .95 c.c. ^/iq normal HCl, 
then the liquid passes clear through the redness by adding 3 c.c. 
2/10 normal soda-ash showing the alkalinity, and at last 
is neutralized by means of 1.21 c.c. ^/iq normal HCl. Then 
this water contains, according to Table A, 24° carbonic acid(C02), 
10° lime (CaO), 21° magnesia (MgO) calculated as lime; or ex- 
pressed in actual weights, 100 liters of the water would contain 

24X .786 = 18.86 gr. CO2; 
10X1 =10.00/' CaO; 
21X .714 = 15.00 '' MgO. 



THE ANALYSIS OF WATERS, 



21 



TABLE A. 



Titrating Liquid. 


Cubic Centi- 
meters Used. 


2/10 
Equivalent. 


Lime Degrees. 


2/10 normal HCl 


4.29 

4.70 
- .95 

3.75 

3.00 
-1.21 

1.79 


X5.6 
X5.6 
X5.6 


= 24*»COa 


2/10 normal NaOH 

2/10 normal HCl 




2/10 normal NazCO, 

2/10 normal HCl 


-21<» MgO 




= 10°CaO 



The total hardness of this water is shown to be 21° + 10° = 31°, 
and this total may be proved by a determination of the total 
hardness by means of soap solution. 

Through these computations of the lime degrees the con- 
ception of the proportional amounts of material contained in 
the water will be simplified, and further calculations rendered 
unnecessary. 

We will therefore always express the proportional quantities 
in degrees of lime, because this conception of the degrees of 
hardness is generally accepted and also because it shows the 
hardness imparted to the water by magnesia. 

The rectification of the result, if the titrating liquids are 
not of standard strength, is very simple, as one need know only 
the strength of the liquid. 

If all three solutions are of standard strength, it requires, for 
example, 

1 c.c. 2/jQ normal hydrochloric acid or 
1 '' 2/jQ ii caustic soda or 



V: 



10 



carbonate of soda 



for neutraUzation. 

But if, when the ^/lo normal hydrochloric acid is tested, 
the color change occurs first when 1.05 c.c. of ^/^q normal 
sodium carbonate solution is added to 1 c.c. of the ^/^q normal 
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hydrochloric acid, the results are changed in the proportion 
of 1 to 1.05. 

In the employment of Knofler's process it is well to 
observe that the calcium salts are not precipitated by impure 
caustic soda. If the caustic soda is mixed with soda-ash, 
which will always be the case in. a solution in water, then the 
caustic soda will take up eagerly CO2 from the air, which in 
consequence precipitates the lime by means of the caustic soda 
mixed with soda-ash. The first thing, therefore, is to use caustic 
soda without any admixture of sodium carbonate 

It is on this account that the soda-lye (NaOH) must be used 
in an alcoholic solution. 

As soda-ash is not soluble in alcohol, we must, in case the 
caustic-soda Uquid should take up carbonic acid from the air, 
remove it from the Uquid as a precipitate, and the liquid itself 
will remain free of soda-ash. 

If the material constituting the hardness precipitates a 
little, it will not essentially change the results. The described 
process has merited full confidence in practice. 

The magnesia may be determined by means of calcium 
solution in the following manner. 

5. Determination of the Magnesia by Means of 
Lime Solution. 

According to J. Pfeifer, Private Lecturer in Budapest, 
100 c.c. of heated water having been titrated with ^/^q normal 
HCl with the addition of a mixture of methyl-orange and 
phenolphthalein according to the determination for hardness 
of Prof. Wartha, the water, now free from carbonic acid, will 
be washed out with heated distilled water into a measuring- 
glass of 200 c.c; the ascertained total hardness being measured, 
it is treated with a measured excess (25 to 50 c.c.) of lime- 
water; the flask is filled 5 c.c. above the mark, closed with a 
rubber stopper, shaken well, cooled several minutes, and then 
the Uquid passed through a large filter-paper. 
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In 100 c.c. of the filtrate the excess of lime will be measured 
back, and from the lime used the magnesia is calculated. 

Care should be taken that in the determination of the 
hardness, as well as in that of the magnesia, a sufficient surplus 
of the precipitant be employed. The Ume solution must go 
through a correspondingly accurate determination, and its 
strength proved by the following method: 56 c.c. of the solu- 
tion is placed in a stand-glass, colored with a mixture of methyl- 
orange and phenolphthalein, and titrated long enough with 
2/10 normal HCl from a burette divided into 1/10 c.c, until 
the color change from red to yellow results. 

The number of 1/10 c.c. of ^/^q normal HCl gives approxi- 
mately the strength of the lime solution in degrees, and if 
this strength in degrees is multiplied by .4 we have thequantity 
of magnesia in milligrams. 

6. Travelling-case. 

Figs. 1 to 5 represent a hand-case useful for travelling 
from place tO place, made from the author's plans, by Von 
Rohrbeck's Successor, No. 59 Karntnerstrasse, Vienna 1. In 
this are contained all the liquids, such as soap solution, 2/^^ 
normal Na2C03, ^/lo normal NaOH in an alcohol solution, Vio 
normal HCl, lime-water, indicators, distilled water, and all im- 
plements, such as measuring-cylinders, heating-flasks, beakers, 
funnel, spirit-lamp, brushes, etc 

The case is likewise a titrating, filtering, and heating stand. 

The caustic-soda solution is fully protected against the 
entrance of carbonic acid from the air. 

The lime solution can be easily renewed; it is kept in a 
common glass-stoppered bottle. 



CHAPTER III. 

PREPARATION OF THE NECESSARY CHEMICALS FOR 
WATER ANALYSIS. 

Titrating Soap Solution. 

For the preparation of the soap solution soak 150 parts of lead 
plaster (Emplastrum Lithargyri simplex) on a water-bath, add 
40 parts of pure potassium carbonate, and triturate to a uniform 
mass. Treat the latter with strong alcohol, allow it to settle, 
filter, distil the spirits of wine from the filtrate and dry the 
soap residue in a water-bath. 

Dissolve 20 parts of the potash soap thus obtained in 1000 
parts of diluted spirits of wine having a specific gravity of 
.9213, take 100 c.c. barium-chloride solution in a stoppered 
flask and allow soap solution to flow into it until after 
shaking a thick foam occurs which maintains itself for five 
minutes at least on the upper surface of the liquid. 

If the soap solution is properly prepared in the manner 
given above, it will require less than 45 c.c. to 100 c.c. of barium 
chloride. After having ascertained by a second experiment 
the value of the soap solution against the barium chloride 
solution for a certainty, dilute the soap solution with spirits 
of wine of the above specific gravity until exactly 45 c.c. are 
required to produce the foam described in 100 c.c. of barium 
chloride. 

Chloride of Barium Solution for Testing the Soap Solution. 

Dissolve .523 gram of pure dried crystallized barium 
chloride (BaCl2+2 aqua), which is a quantity corresponding 

24 
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to .120 gram of calcium, in 1 liter of distilled water. 100 c.c. 
then contains 12 milligrams of calcium, also an amount of 
barium chloride equivalent to 12 German degrees of hardness. 

Caustic Soda in an Alcoholic Solution. 

As caustic soda is soluble in alcohol, but soda-ash is insoluble, 
a solution is obtained free from soda-ash for the precipitation 



-z Soda Lime 



Soda Lime 



Ky 




Fig 1. 



of the magnesia, oxides of iron, and alumina, and by whose 
use no calcimn is precipitated, in the following manner: 

Dissolve pure caustic soda in the least possible water or 
dissolve 8 grams of caustic soda in about 4 to 5 c.c. of luke- 
warm water. 

To this add a determined volume of absolute alcohol and 
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warm for 2 to 3 hours in a reflex cooler with the help of a water* 
bath, cool off, stopper, and allow to stand in the cold. 

By this all the carbonates precipitate themselves to the glass 
sides. 

Filter the clear solution rapidly through a folded filter. 

Keep the liquid for use in the previously described apparatus. 

2/10 Normal Hydrochloric Acid. 

Place 7.30 grams of pure concentrated hydrochloric acid in 
a small beaker and dilute with distilled water up to 1 liter. 
One c.c. of this liquid must contain .0073 gram of HCl as 
shown by titration with n/10 silver solution after neutralizing 
the acid with soda solution and with potassium chromate as an 
indicator. 

2/10 Normal Soda Solution. 

Dissolve 10.6 grams of pure carbonate of soda (Na2C03), 
freed of water, in 1 liter of water. 

The removal of the water is easily accomplished by heating 
the finely powdered sodium carbonate to red heat in a porcelain 
crucible, allowing it to cool in a desiccator, and then taking 
the necessary quantity. 

One c.c. of this solution then contains .0106 gram Na2C03. 

Indicators. 

1. Methyl orange (dimethyl-anilin-azobenzene-sulphonate)* 
Dissolve 1 gram of this substance in 1 liter of distilled water. 
The resulting orange-colored Uquid will be made red by mineral 
acids and yellow by alkalies. Carbonic acid does not affect it. 
The indicator is uselesss in the presence of compounds alkaline 
with ammonia. 

2. Phenolphthalein. Dissolve 1 gram in 100 c.c. of 98% 
alcohol. It will be made violet-red by alkalies and colorless by 
acids. 
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Equal portions of 1 and 2 are mixed for the preparation 
of the indicator previously described in this work. 

3. Alizarin will be made beet-red by acids. In a neutral 
condition it is yellow in color. 

Preparation of the Lime-water, 

Cover freshly burnt lime with distilled water and after 
settUng add as much water as will form a dilute milk of lime, 
fill a flask with the latter, shake well and allow it to settle. 

Preserve the clear liquid, the lime-water, in a well-closed 
flask (which should preferably have a rubber cork). 

The lime-water must color red litmus paper blue, turmeric 
paper dark brown, and give a strong precipitate with sodium 
carbonate. If this should no longer be the case, the lime-water 
will have been spoiled by the action of the air. 

The determination of the strength of the lime-water in 
terms of calcium is made by titrating 56 c.c. of the filtered 
lime-water with ^/lo normal HCl. 

The number of Vio c.c. of ^/jq normal HCl used gives the 
number of degrees of hardness. 

Determination of the Chlorine. 

As it is often necessary to know the quantity of chlorine 
occurring in the water, whether in the form of chlorides or 
free acid, or the quantity of combined or free sulphuric acid, 
for the easiest analytical method of determination of both 
ingredients we recommend those given in the following from 
Tiemann-Gartners Handbuch zur Untersuchung und Begut- 
achtung von Wassern. 

In both determinations it is advisable to test whether 
greater or less quantities of the ingredients are present in the 
water. According as this is the case, we take, if more, 100 c.c, 
if less, 500 c.c, and evaporate it until approximately to 100 c.c 

We may now proceed with the examination. 

For the preliminary test neutralize with dilute nitric acid, 
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using one drop of methyl orange as an indicator until a weakly 
acid reaction is shown, and then add several drops of sodium 
carbonate solution thereto imtil the acid reaction is destroyed. 
The solution must in no case have an acid reaction, but rather 
have an alkaUne one. Now treat the solution with approxi- 
mately 3 to 4 drops of a solution of netural chromate of potas- 
sium (K2Cr04) and titrate with the following silver solution 
until a ed color is obtained, which may be accompUshed 
satisfactorily after some practice. 

From the number of cubic centimeters used calculate the 
quantity of chlorine which was in the sample tested. 

Preparation of n/io Silver Solution. 

Dissolve 17,000 grams of pure fused silver nitrate (AgNOa) 
in 1 liter of water and when necessary filter through a dry 
filter-paper into a well-sealed flask made of dark glass. Each 
cubic centimeter of this solution corresponds to .00355 gram 
of chlorine, .00365 gram of HCl or .00585 gram of NaCl. 

As an indicator in carrying out the titration with silver 
solution a cold saturated solution of pure chromate of potash 
(K2Cr04) is to be used. 

Determination of the Sulphuric Acid. 

For this determination boil as in the determination of the per- 
manent hardness (page 16) and fill with distilled water to the 
original volume. By this boiUng a sample is obtained approxi- 
mately free from the bicarbonates (carbonates) of the earthy 
alkaline metals, which to a large extent tend to injuriously 
affect the determination, while by the repeated filling with dis- 
tilled water a precipitation of the gypsum is prevented. 

Heat 100 c.c. of the prepared water to boiUng in a flask 
which has a mark at 150 c.c, and add 10 c.c, or in highly sul- 
phuric acid waters 15 to 20 c.c, of the barium chloride solution 
given on page 30. Heat several minutes and then allow as much 
of the equivalent potassium chromate solution described on 
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page 30 to flow in as will color the liquid standing above the 
precipitate a faint but precipitable yellow. 

After cooling the liquid fill with distilled water to the mark, 
shake up, and filter through a dry filter-paper. 

Place 100 c.c. of the filtrate in a tall cylinder of colorless 
glass which the quantity of liquid will fill to a height of 15 to 20 
cm. Then treat 100 c.c. of distilled water in a similar cylinder 
with as much of the potassium chromate solution as will give 
a similar color as the previous test. 

The excess of potassium chromate solution dete mined in 
this way multiplied by 2/2 will give the potassium chromate 
solution used originally for titrating back. The resulting 
difference in cubic centimeters of the potassiiun chromate sub- 
tracted from the cubic centimeters of barium chloride solution 
used gives the true number of cubic centimeters of barium 
chloride solution which was necessary for the precipitation of 
the sulphurous acid (SO3). This difference multiplied by 4 
gives the parts of sulphurous acid (SO3) present in 100,000 
parts of water. 

Example, — 100 c.c. of boiled water was treated with 15 c.c. 
of barium chloride solution. 5 c.c. of potassium chromate 
solution sufficed for the precipitation of excess of barium 
chloride added. 

Now it was filled to 150 c.c. and filtered. 100 c.c. showed 
the same color as 100 c.c. of distilled water to which we had 
added .6 c.c. of Vio potassium chromate solution. 

.6 c.c.xV2 = -9 c.c. 5 c.c — .9 c.c. =4.1 c.c. 
15 c.c.~4.1 c.c. = 10.9 c.c. 

100,000 parts of water therefore contains 

10.9X4 = 43.6 parts of sulphurous acid (SO3). 
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n/io Barium Chloride Solution for the Quantitative Determina- 
tion of the Sulphurous Acid. 

(i/io normal barium chloride solution.) 

Dissolve 12.2 grams of pure dry crystallized barium chloride 
(BaCl2+2H20) in distilled water and dilute to 1 liter. 

n/io Potassium Chromate Solution for the Quantitative Deter- 
mination of Sulphurous Acid. 

Dissolve 7.365 grams of chemically pure dry potassium 
chromate in a hter flask in about 100 c.c. of distilled water. 
To this add, a drop at a time, liquid ammonia imtil the red 
color of the solution turns into a pure yellow and exactly 
neutral ammonium potassium chromate is produced. After this 
takes place fill the liter flask exactly up to the mark. Equal 
volumes of this solution and the n/10 barium chloride solution 
mixed together must not be colored after the precipitate has 
settled, and the clear Uquid standing above the precipitates 
must produce no cloudiness with dilute sulphuric acid, which 
shows both solutions must be exactly equivalent to each other. 



CHAPTER IV. 

THE IMPROVEMENT OF WATER. 

The mud and scale-forming matter can be restricted, if 
not entirely removed, 

1. Through filtering the water. 

2. Through preheating the water and frequently blowing 

down and washing out the boiler, or 

3. Through the rapid precipitation of the scale-forming 

matter in the boiler itself and blowing out and wash- 
ing out the precipitate, or 

4. Through condensation of the steam and using again 

the waters thus obtained, and finally 

5. Through purification of the water before its employ- 
ment (through so-called purifiers). 

For stationary and marine boilers all five methods may 
be used; for locomotive boilers method number 4 can of 
course not be used, and the two methods of preheating are 
applicable only where the quantities of impurities are small. 
Here the only thing to be done is to blow out and wash out 
the precipitates of the scale-forming matter from the boiler 
itself and the tender or the reservoir at the water-stations. 

The periods between blowing down and washing out show 
whether the priming and foaming arises from having too few 
water-changing stations. The determination of the means 
for the precipitation of the scale-forming matter in the boiler 
or for purification before use can only be done by the advice 
of a chemist, but almost any railway engineer can do it him- 
self by following this treatise. 

31 
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1. Filtration of Water. 

Purification by Filters. — The mechanical pollution can 
be removed only by allowing a long time for settlement or 
taken out of the water through artificial or natural filters. The 
best filters are the sand or gravel banks of bottoms. The longer 
the polluted water flows through and the greater they are, 
the better is the purification. Ground-water which flows 
through natural filters is therefore almost entirely clear; 
surface-water, on the contrary, is more or less turbid and 
impure. 

Artificial filters are composed of gravel, quartz, sand, coke, 
charcoal, felt, linen, excelsior, sponges, asbestos, etc. The 
greater the cross-section of the filters, and the less the speed of 
the water passing through, the easier the removal of the pollu- 
tion; on the other hand, the less the necessity of making up 
loss of filtering material on accoimt of the necessary washing, 
just so much more efficient and economical is the filter. A 
sand filter is shown in Fig. 2. 

Amongst the sand filters belong the Reisert filter * (Fig. 3), 
which operates by means of air, steam, and water currents; the 
Krohnke filter f (Figs. 4, 5, 6, 7), in which the filter-sand 
is stirred up by means of mechanical rotation while a stream 
of water is passed through it. A modification of this is rep- 
resented in Fig. 6, a filter designed by the author; it is 
operated by air and a stream of water, without steam, and in 
which the area of the circle is agitated by the obliquely placed 
stirring-arm disturbing the sand over the entire cross-section.J 
The capacity of all these filters depends on the condition of 
the water and should not exceed a rate of flow of 8 cubic meters 
per hour per square meter of filter surface. § For this a head of 

* See Eisenbahntechnik der Gegenwart, Vol. II, Fig. 753. 

t On the Aim and Operation of Filters for Water Purification, Von 
Mallenbach, Hamburg, Halle a. S., published by Carl Marhold, 1900. (Ueber 
Zweck und Ausfiihrung der Filter bei Wasserreinigungsan'agen.) 

t See page 34. Austrian patent granted. 

§ See Eisenbahntechnik der Gegenwart, Vol. II, Fig. 753. 
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,5 to 2 meters is necessary. The necessary water for washing 
may be estimated as 4% of the water required. 

Dehne uses an inserted filter-press, F, in which the impuri- 
ties of the water are held back by cloths and which are removed 
through openings of the press from time to time (Fig. 9). 
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Fig. 3. 

Klein's filter is similar (see Fig. 10). 
We have not yet mentioned a filter in which the wash- 
ing takes place by streams of water through the sand while 




Fig. 4 



mechanically stirred up (Fig. 11) or the open filters where 
rakes passing through the bed of sand are moved to and fro 
(see Fig. 134, page 225). Excelsior filters are largely selected 
on account of the cheapness with which they may be made 
and on account of the saving in wash-water. A combined 
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Fig. 8. 




Fig. 9. 
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filter of sand and excelsior is also much used. The current 
of water in excelsior filters always passes upward. 




Fig. 10. 



Often these do not filter the water clear enough; then a 
suitable precipitant is needed, which is mixed through the 




FlQ. 11. 



water in a special distributing chamber and is added as a solu- 
tion in proportions corresponding to the water being purified. 
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These precipitants act chemically and mechanically at the 
same time. Their advantage consists in that they form large 
flakes; the small ones, floating in the water as colloidal matter, 
are hard to filter and therefore cause clogging. The partly 
purified water then goes through the filter, and burdens this 
with only a small quantity since so little matter remains in 
suspension. 

The coagulants used are as follows: lime-water with alum, 
lime-water or caustic soda with chloride of iron or iron sul- 
phate. The latter iron salt has been used extensively, as 
the oxyhydrate of iron precipitated is heavy and in large flakes. 

Lime-water or milk of lime alone may be used if the water 
contains carbonic acid, because they combine with each other, 
forming precipitating flakes of the suspended matter. 

2. Preheating the Water. 

Water which contains principally carbonate of lime may 
be improved by simply heating, as then the carbonate of lime 
is thrown down in the heater and not carried into the boiler. 
However, a preheater is applicable only where the amount of 
water handled is small. 

For larger quantities of water, such as at the railway water- 
stations, it is not applicable. The preheaters are very neces- 
sary for waters which contain bicarbonate of magnesia. Such 
waters react very slowly with the additions prescribed for 
chemical water purification, so that without preheating only a 
slight softening will be obtained. 

3. Precipitation in the Boiler. 

Precipitation in the boiler itself may be employed where 
one must avoid the cost of a more elaborate arrangement, 
where the water cannot be improved by warming, and one is 
not compelled to be frugal. 

Such precipitation of the water may be undertaken where 
the latter contains carbonate of lime, carbonate of magnesia, or 
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sulphate of lime, and where it is easily reached, and therefore 
may be easily removed by blowing down and washing out the 
precipitate thrown down. 

The greatest accumulation of these precipitates occurs in 
an appliance serving as a mud-collector, which automatically 
takes out a part of the flaky particles rising to the surface 
after the action of the compound, and before these become 
thicker and sink to the bottom. There are various makes of 
these sUme-catchers, among them those of Von Schroter, 
Derveaux, Grimme, Natalis & Co., Lindemann, etc., from 
which the accumulated precipitates are blown out from time 
to time. 

Where such slime-catchers are not at hand, the precipitate 
found in the body of the boiler is removed by means of 
simply washing out through the blow-off. 

Neither by the employment of slime-collectors nor by 
simple blowing out of the boilers to the bottom while quiet 
is it possible to remove the slime so as to keep the boilers 
sufficiently free from boiler-scale. 

The fact is that, on the one hand, not all the precipitates 
contained in the boiler go into the mud-catcher, but a portion 
goes through this before the reaction is completed. On the 
other hand they may deposit themselves beyond the scope of 
action of the blow-off and will not be carried along by the 
water rushing out. 

In either case a large part of the precipitate will remain 
behind in the boiler; but all these precipitates, it is unnecessary 
to say, bake fast on heating the boiler- water. 

It must also be pointed out that, if one decides on precipi- 
tation in the boiler, it is not a matter of indifference what com- 
pound is used. 

If a water principally containing bicarbonates is used, no 
caustic Ume may be taken for a precipitant, for by this the 
quantity of precipitate in the boiler would be doubled. Where 
water contains principally gypsum, soda-ash should be used as 
a compound; in water which contains bicarbonates of alkaline 
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earths and gypsum, etc., we will use caustic soda or soda-ash or 
operate with silicate of soda. 

At one time the bichromate of soda was brought into use 
as boiler compound.* This precipitated the Ume salts as 
chromate of lime and decomposed the magnesium salts. It 
will be apparent that by this substance a large quantity of 
precipitate was thrown down in the boiler itself, which 
clogged up the spaces between the fire-tubes. 

In using the various compounds mentioned above, prelim- 
inary experiments must always be made to ascertain whether 
they should be added gradually or at one time, to determine 
if they do not fill the feed-pipes with precipitate, and lastly to 
note if they cause foaming in the boiler-water. 

These investigations must define the known limits, and the 
manner and method of the action of the compound on the scale- 
forming matter must be known. 

Under the head of "Purification of Water" the operation 
of these means will be described. 

For small plants, where no very great quantity of water is 
evaporated, one may use, according to Prof. A. Rossel (see his 
brochure, "The Purification of Feed-water for Steam-boilers. 
Winterthur: Press of Moritz Kieschke ''), as much soda-ash in 
the steam-boiler as will throw down the dissolved salts as pre- 
cipitates but not as incrustation. 

By this treatment the lime of the bicarbonates of lime will 
fall as granulous precipitate; in the same manner the bicar- 
bonate of magnesia will be broken up and come down as mag- 
nesium hydroxide. 



* Chrome salts. If we adopt the simple equations given in the earlier 
pages, 2.62 kg. of pure or 3 kg. of conmiercial chromate of soda (Na2Cr207) 
is necessary for the breaking up of 1 kg. of calcium carbonate + 1 .36 kg. 
calcium svdphate, which at a gross price of $19.20 per 100 kg. corresponds 
to an expenditure of 68 cents. The same work is accomplished with 1 kg. 
of commercial caustic soda, which, at $5.76 per 100 kg., costs only 6 cents, 
or one tenth of the above. The chrome salts are therefore too dear for use 
as boiler compounds and besides are poisonous. 
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In both cases the soda added to the water regenerates itself 
again and again, in consequence of the heating of the water 
liberating the carbonic acid. 

If sulphate of lime (gypsum), nitrate of lime, calcium chloride^ 
sulphate of magnesia, or chloride of magnesia is present, a com* 
plete breaking up and precipitation of these salts will take 
place, but for each new quantity of these salts entering the 
boiler a corresponding quantity of soda-ash must be added^ 
whilst the quantity of soda-ash for the bicarbonates is always 
drawn again from the boiler itself and does not have to be 
replaced. Rossel's method is used by Von Reichling in Dort- 
mund and is there known also under the head of Von Reichling'a 
Method. 

With the exception of bichromate of soda all the materials 
employed for precipitation are precipitants. The bichromate 
of soda is at the same time a precipitant for lime and a solvent 
for magnesia; it can therefore be used where the purity of 
the water and steam does not matter and the water contains 
much magnesia. But it will cause all the annoyances of other 
precipitants by the existence of lime salts in the water. It is 
still questionable if the chromate of magnesia compounds are 
not broken up under certain conditions of the operation of 
the boiler and if the chromic acid set free attacks the boiler- 
plates. 

All secret compounds which act injuriously on the boiler- 
shell or bring further impurities into the boiler are objection- 
able, and in every case are too dear when soda-ash, their 
chief component, is so cheap. 

The societies in Munich have earned themselves great 
credit in the struggle against these secret compounds, the 
results of whose investigations were published openly in the 
Breslau issue of the Proceedings of the Society of Chief Boiler 
Inspectors. 

A great nimaber of such remedies were analyzed by the 
Official Chemist of the Grand-duchy of Baden in Karlsruhe and 
by the Chemical Laboratory for the Investigation of Heat at 
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above material in 
water: 



Sulphate of magnesia: No. 
Nitrate of magnesia: No. 
Bicarbonate ofmagnesia ) 
Carbonate of magnesia j 



YesJ 



Sulphate of 
Nitrate of ci 



Solubility and 
amounts of the sub- 
stances in natural 
water: 



Nitrate and sulphate of mage Sulphate a 
chloride are very easily soluble. 0° C. 1 part 

Carbonate of magnesia is solulS® C. 1 *' 
to 17 degrees of hardness. p9® C. 1 '' 

Bicarbonate of magnesia is c<l At 140° O 
uble. jtated from ^ 

Magnesium oxide is soluble wj Nitrate of 
to 2.5 German degrees of hardn^oluble. 



IV. 



Means of 
causing pre- 
cipitation and 
transposition: 



Cold. 



a. Caustic soda or lime (CaO). 

Caustic soda is easily soluble 
itself in 800 parts of water, n. Carbonate 
still more. 

Saturated lime-water has abo 



When 
hot. 



b. By heating alone without 
precipitants. r 



Procedure: 



d. 



Mg(N03)2 + 2NaOH = Mgi 
MgSO,-h2NaOH -Mgj 

MgH^CCOa), + 2Ca(OH)2 = Mg 
MgH2(C03)2 + 2NaOH = Mg 
MgC03-h2NaOH "^S^sSO 4-N,. r 

MgCla + 2NaOH - Mg; ^^^* ^ ^^^C 

By heating under pressure ! 

from the carbonate of J^ag^o /mq \ _, v 

they evolve carbonic acid." ^ ^^^ "^ ^' 
MgCU dissociates under presij ' 

and heat into Mg(OH)2 + 2l 
A breaking up of MgSO^ bl I 

pressure is probable but is } i 



VI. 



VII. 



There remains in 
solution after the pre- 
ci{>itation or transpo- 
sition occurs: 



Nitrate of soda. 
Sulphate of soda. 
Carbonate of soda. 



Sulphate of s 
If itrate of so< 



There is present in 
the precipitate after 
the precipitation oc- 



Magnesium hydroxide. 



!alcium carb' 



MgCO, changes itself aocordi 



to 



1.43° Nt 
1.89° Ni 
2.11° 
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. Munich at the order of the Association of Chief Boiler In- 
spectors.* 

4. CiONDENSATION OF StEAM AND ReuSE OF THE WaTER SO 

Obtained. 

The utilization of condensed steam as boiler feed-water is 
of great advantage, as not only is the heat existing in the 
condensed water gained, but the water is perfectly pure and 

I forms no scale. 

^ Not in every case but frequently in larger establishments, 

this water softening must be dispensed with, for lack of that 
water which is necessary for condensation. 

5. The Purification of Water by Softening. 

The settling of the precipitates taking place in the boilers 
is to be especially avoided in locomotive and particularly in 
tubular boilers, as it fastens itself to the inaccessible parts 
of the tubes and especially to the tube-sheets and, by thick- 
ening these, leads to tearing of the same and burning of the 
edges. 

The betterment of the water must therefore take place 
before it enters the boiler. But it is to be noted that neither 
too much nor too Uttle of the purif3dng chemicals must be 
added, or else on the one hand the water, being too alkaUne, 
will foam, or on the other hand, in spite of the previous treat- 
ment, scale will form in the boiler. 

In the purification of water (that is, the chemical purifi- 
cation before entering the boiler) the action of the precipitants 
on the scale-forming matter in the water is made plain in 
i column IV, Table B. 

In this table are specially set out the precipitants employed 
by Von Stingl: caustic Ume, caustic soda, and soda-ash. 

♦Quotation from translation by the writer, of " Die Reinigung des Was- 
, Bers." by Dr. O. Krohnke. 

j The remedies referred to would be called secret boiler compounds in this 

, country. 
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According to later authorities barium oxide is mentioned 
as a precipitant, but it is still very costly. One must therefore 
always recover the first-named material. Also a difficulty is 
experienced in the filtering of the sulphates on account of 
the occurrence of extremely fine barium sulphate as precipi- 
tate. 

These three precipitants (caustic soda, caustic lime, and 
soda-ash) should remove the chemically bound scale-forming 
matter in the water as insoluble precipitates. 

The remaining suspended material in the water will largely 
be carried down by the coagulating action of the precipitate 
itself, or will be removed by natural or artificial filters. 

According to Prof. Kalmann (on the basis of Stingl's prin- 
ciples for the purification of water) the lime and magnesia 
compounds to which the hardness is due will be placed in three 
groups. 

In the first of these groups are included all calcium salts 
with the exception of bicarbonate of calcium. 

These are the salts: CaS04, Ca(N03)2, CaClg. 

All these salts will be precipitated out by soda-ash as fol- 
lows: 

CaS04 -f NagCOa - Na2S04 + CaCOs; 
Ca(N03) 2 + Na2C03 = 2NaN03 + CaCOa ; 
CaCl2 -f Na2C03 = CaCOs + 2NaCl. 

In the second group Prof. Kalmann includes the bicar- 
bonates of lime and magnesia. These will be precipitated 
out by caustic soda or caustic lime. In the precipitation by 
the former, soda-ash is created in the water. 

If we add caustic soda tp the bicarbonates, the soda-ash 

in every case is represented by the following equations: 

» 

CaH2(C03)2+2NaOH=CaC03+Na2C03+2H20; 
MgH2(C03)2 +4NaOH = Mg(0H)2 + 2Na2C03 +2H2O. 

If, on the contrary, we treat the bicarbonates of Ume and 
magnesia with caustic lime, we precipitate carbonates of Ume 
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as well as magnesium hydroxide without the formation of 
soda-ash : 

CaH2(C03)2+Ca(0H)2 =2CaC03+2H20; 
MgH2(C03)2 +2Ca(0H) =Mg(0H)2 +2CaC03 +2H2O. 

We have shown above that by the addition of caustic soda 
to the bicarbonate of calcium or the bicarbonate of magnesia 
Na2C03 (soda-ash) is formed in the water. 

If besides the bicarbonates of CaO and MgO there are other 
calcium salts present, namely, CaS04, Ca(N03)2, CaCl2, this 
soda will now serve to precipitate these also. 

Only three cases are conceivable. 

Case 1. When the necessary quantity of soda-ash for the 
precipitation of the first group is smaller than the quantity 
which can be created in the water by the methods described 
above. 

We must then add a further quantity to precipitate all the 
calcium. 

It follows, therefore, in this case that the softening is made 
with caustic soda and caustic lime. 

As an example if the water contains: 



1 molecule CaS04, 
1 '' CaH2(C03)2, 

1 '' MgH2(C03)2. 



If we need 1 molecule of soda-ash for 
precipitation of the gypsum and can 
get, by adding 6 molecules of NaOH, 
3 molecules of soda-ash, 



we then have 2 molecules of soda-ash too much, which would 
make the water too alkaline. 

We must therefore take 2 molecules NaOH and 2 molecules 
Ca(0H)2 in order to purify the water. 

Case 2. When the necessary quantity of soda-ash for the 
precipitation of the first group is just equal to that which is 
created in the water by the precipitation of the second group 
. with caustic soda. 

In this case it follows that the softening is effected by 
caustic soda alone without caustic lime. 
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Example. — ^The water contams: 

If we need 3 molecules of soda-ash 
for the precipitation of the gypsum 
and can get, by adding 6 molecules 
of caustic soda, 3 molecules of soda- 
ash. 



3 molecules CaS04, 

1 *' CaH2(C03)2, 

1 - MgH2(C03)2. 



we then have obtained just enough soda-ash to precipitate the 
gypsum. 

We must therefore take 6 molecules causticized soda-ash or 
6 molecules NaOH. 

The soda-ash is causticized by the addition of the corre- 
sponding amount of caustic lime. 

Case 3. If for the precipitation of the calciimi not bound 
by carbonic acid more soda-ash is necessary than will be formed 
in the water by the combination of the carbonic acid with the 
caustic soda. 

In this case we must add the needed amount of soda-ash 
to the water as such. 

It follows, therefore, that the softening is effected with 
caustic soda and soda-ash. 

Example. — ^The water contains : 



4 molecules CaS04, 

1 '' CaH2(C03)2, 

1 " MgH2(C03)2. 



If we need 4 molecules of soda-ash 
for the precipitation of the gypsum 
and can get, by adding 6 molecules 
of NaOH to the water, 3 molecules 
of soda-ash, 



then we must add 1 molecule soda-ash to the water. 

It is well to note that in these three cases the presence at 
the same time of salts contained in the first and second groups 
makes the purification somewhat compUcated. 

On the other hand, again, the precipitation of the magnesia 
boimd to SO3, NO3, and CI is very simple. These salts represent 
a third group and are precipitated with caustic soda and also 
with soda-ash in causticized form. 
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There remains yet one class of waters, which contain, be- 
sides lime and magnesia compounds, also bicarbonate of soda. 
Such water occurs usually in the Hungarian deep wells, more 
seldom in other places, as, for example, in Lower Austria near 
Inzersdorf. 

If such a water is used in a locomotive-boiler, a violent 
foaming occurs after a short operation owing to the concen- 
tration of the soda solution in the boiler. Also after a longer 
time the appearance shows that the copper of the fire-box 
sheets and likewise the stay-bolts are eaten away, while the iron 
boiler-plates and the rivets do not suffer. The cause of these 
phenomena lies in the action of the carbonic acid on the copper. 
The chemical purification of these waters is noted in Table B, 
colunm 8, lines IV and V. 



CHAPTER V. 
DETERMINATION OF THE AMOUNTS OF REAGENTS. 

Formula of Prof. Kalmann. 

According to Prof. Kalmann it is sufficient for the technical 
analysis of ordinary water to ascertain the calcium, the bound 
carbonic acid, and the total hardness determined with soap 
solution. 

For the determination of the latter it is recommended that 
the water be also analyzed for its strength in magnesia and 
iron, as the siun of the calcium, magnesia, and iron in terms 
of their equivalents in calcium must later equal the total 
hardness. 

The bound carbonic acid, the lime, and the magnesia, besides 
the iron, may be determined according to a simpUfied procedure. 

After the establishment of the contents of foreign matter 
the water can be improved by chemical additions which, accord- 
ing to Prof. Kalmann, are to be calculated in the following very 
simple manner. 

If we take (a) the bound carbonic acid, (6) the total lime, 
and (c) the total hardness, and reduce these quantities, according 
to their composition, to their equivalents in calcium, we may 
obtain the required quantities to be added of lime, caustic soda, 
and soda-ash from the following formula: 

2a-6-m (1) 

c—a=n (2) 

If m and n are positive, the water contains more carbon- 
ates than sulphate. The number m stands then for the 

48 
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quantity of lime required, and n represents the caustic soda. 
(Case 1.) 

If 2a— 6=0, the carbonates are equal to the sulphate con- 
tained in the water. We then use no lime, but only add n 
parts of caustic soda. The caustic soda by mixing with milk 
of lime creates soda-ash and then precipitates. (Case 2.) 

If 2a = 6 is negative, the water contains more sulphate 
than carbonate and we should add m parts soda-ash solution 
and c—a—m parts caustic soda. (Case 3.) 

The application of the two formulas given above is made 
clear by the following example. 

Case 1. If the chemical analysis of 100 liters gives 22 
grams bound CO2, in terms of CaO, a = 28CaO degrees; 16 
grams total lime, 6 = 16 CaO degrees; 20 grams magnesia, also 
in terms of CaO, =28 MgO. So the total hardness given by 
the sum of the CaO and MgO, c = 16° + 28° = 44°, We have also 

2a-6=56-16 = 40°CaO, 
c — a = 44 — 28 = 16° caustic soda, 

to be added to the water. 

40 CT. 
We must therefore add ..^ CaO or .4 gram CaO in a 

soluble form, preferably satm-ated Ume-water. As 1 liter 
of the most highly saturated Ume-water possesses a hard- 
ness of 120 CaO degrees and contains 1.2 grams CaO, 

, ^ i. . V. ir . .400 gr.X 1000 c.c. ^^^ 
therefore for 1 liter of water ^— ^ ^ =333 c.c. satu- 
rated lime-water are necessary. 

Taking up the 16° of caustic soda shown. As 16° of caustic 
soda may be created from 16° of soda-ash and 16° of lime, and 
one lime degree is 1.89 grams of soda-ash, to yield 16° of caustic 
soda 16X1.89=30.24 grams of 100% soda-ash are required. 

160 X 1000 
From the above, 16° of lime are contained in ' =-^7^ — = 133 c.c. 

saturated lime-water; therefore we must add to 1 cubic meter 
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of the water 333 + 133=466 liters of saturated lime-water of 
120° strength, and also .3024 kg. 100% soda-ash in dissolved 
form. 

Case 2. If the analysis of 100 liters of the water gives 
7.9 grams bound CO2 or reduced to CaO, a«10 CaO degrees 
for CO2; 20 grams total lime, 6=20 CaO degrees, and c = 29 
CaO degrees total hardness. Then we have 

2a— 6 =0 CaO and c— a = 19° caustic soda. 

One liter of water should be mixed with 19° of caustic soda. 

As 19° of caustic soda would be formed from 19° of soda-ash 

and 19° of caustic lime, and as 1 lime degree = 1.89 gr. of 100% 

soda-ash, therefore for 19° of caustic soda there are required 

19X1000 
19X1.89=35.91 grams of soda-ash and * — ^o — ^'^^ ^'^' ^^ 

saturated lime-water. Therefore we must add to 1 cubic meter 
of the water .3591 kg. 100% soda-ash and 158 liters of satu- 
rated lime-water of 120° of hardness. 

Case 3. If the analysis of 100 liters of water gives 7.9 grams 
bound CO2 reduced to CaO degrees, and c=40 CaO degrees 
of total hardness, then, as 

2a-6 =20-30 =-10°, c -a =40 -10 =30°, 

the raw water would be mixed with 10° of soda-ash and 30- 
10=20° of caustic soda. We must compute, therefore, the 
amount of lime to form 20° of caustic soda with 30° of soda- 
ash. Hence we must use for 1 liter of water 30X1.89 = 

20 X 1000 
56.70 gr. of 100% soda-ash and — r-^ — = 166 c.c. Ume-water, 

and add to 1 cubic meter 56.7 gr. 100% soda-ash in dissolved 
form and 166 Uters of saturated lime-water in order to com- 
pletely purify the raw water. 

The soda should be in the 'form of calcined or ammonia soda, 
and the Ume burnt or slaked, but both should be in dissolved 
form. 
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Calculation of the Quantity of the Reagents according to 

Prof. Kalmann. 

If we consider the composition of the water and assume that' 
all the materials are converted to their equivalent molecular 
weights in calcium, then the amounts to be added may be 
likewise placed in terms of calcium, namely, the caustic soda, 
caustic Ume, and soda-ash, which are to be added to the water 
in order to cause the precipitation of the lime as well as the 
magnesia. 

If, for example, the water was of the following composition, 

Group I. Group II. Group III. 



z gr. CaS04+x gr.CaH2(C03)2+2/ gr.MgH2(C03)2+r gr. Mg(N03)2 

(2 = .3 gram), then there are .3 gram CaS04 (gypsum) contained 
in this water. To this gypsum is now to be added as much soda- 
ash, according to its equivalent molecular weight, so that the 
precipitation Will be a complete one. 

This is the case when, according to the equivalent molecular 
weights of the material, 

.3:2 = 136:106* 

106 X 3 
2 = — Y^^ = .234 gram of soda-ash will be required. 

In exactly the same way we will calculate all the other 
substances in the water to calcium according to their equivalent 
molecular weights, and we will obtain for their values z, x, y, 
and r, referred to calcium, in equivalent numbers which we may 
use directly in the calculations. 

If we desire to calculate, according to Kalmann, how to 
soften a water of the following composition, in which the car- 
bonate compounds exceed the gypsum (Case 1), 

* 136 = molecular weight of CaS04; 
106= '' " *' Na^CO, 
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Group I. Group II. Group III. 



z gr. CaS04 +x gr. CaH2(C03)2 +y gr, MgH2(C03)2 +r gr. MgS04 

b (total hardness) a (carbonic acid) precipitated 

< , , by caustic 

c (total hardness) soda 

we will use for the precipitation of the compounds 2CaS04-f 
rMgS04 (by which we show the simpUcity of all the other salts 
belonging to this group: Ca(N03)2, CaCU, besides Mg(N03)2, 
MgCl2,etc.): 

z+r parts of soda-ash, then the CaS04 will be precipitated by 
means of soda-ash and MgS04 by means of causticized soda- 
ash (caustic soda). 

But we may create from the water, in consequence of the 
reaction of the caustic soda added to the water, with the bicar- 
bonate salts contained in it, x-\-2y of soda-ash* 

We do not need all of this x-\-2y of soda-ash, as we only 
have need of z parts soda-ash for the amount of gypsum present. 

We may not add the difference, that is x-\-2y—z, as caustic 
soda, but must add it as Ca(0H)2 to the water, because other- 
wise an excess of soda-ash would occur in the water. 

The difference, x-\-2y-z, shows the amount of lime neces- 
sary. 

As now X, y, z, and r, which refer to soda-ash, are the num- 
bers corresponding to the amoimts of active substances in the 
water, there is 
x+y=aj the amount of soda-ash corresponding to the carbonic 

acid in the water, which is composed of the amoimt (x) 

corresponding to the calcium carbonate, increased by the 

quantity (y) corresponding to the magnesium carbonate. 

Moreover, there is 
x+z=bf the amount of soda-ash corresponding to the total 

calciimi, which is composed of the quantity (x) corresponding 

to the calcium carbonate, increased by the quantity cor- 

* 2y, because 1 molecule of magnesium bicarbonate requires 2 molecules 
of caustic soda for uniting 2 molecules of carbonic acid. 
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responding to the rest of the lime salts, which we have 
designated by z. Finally, there is 

z-\-y+z-\-r=Cy the amount of soda-ash corresponding to the 
totaljhardness of the water, which is composed of x, y, and z 
and that amount which corresponds to the magnesia not 
united with carbonic acid, and which we have designated 
by r; 2, on the contrary, shows us the amount of soda-ash in 
caustic form, which will be changed back into ordinary 
soda-ash by the bicarbonates and which serves to precipitate 
the gypsum. 

r is the amount of soda-ash remaining in caustic form which is 
necessary for the precipitation of the magnesium sulphate 
selected as a substitute for Group III. 

Therefore for the case when more carbonates than gypsum 
are present, 

x-\-2y>Zf there is to be taken 

x-^2y'-z parts as calcium and z-\-r parts of soda in caustic form. 

Butasx + 2/ = a, 2+x = 6, andx-i-t/+24-r=c, then x-\-2y-z = 
2a— b BXidz-\-r = c—a. 

For softening a water in which there are, according to Case 1, 
more carbonates than gypsum, there is to be taken 

2a — 6 in lime (calcium), 
c— a in soda in caustic form. 

If we now consider (Case 2) where equal amounts of gypsum 
and carbonates are present, we need again for softening z-\-r 
of soda, one part of which may be in the natural condition 
(sodium sesquicarbonate) and the other as caustic soda. 

As previously mentioned, {x+2y) parts of caustic soda 
would create with the water {x-\-2y) parts of soda-ash. 

If now x + 2y = Zj the caustic soda added to the water to 
precipitate the gypsum as represented by Group I, it will 
combine with the carbonic acid compounds and will form enough 
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soda-ash in the water, so that the water needs neither lime nor 
more soda-ash. 

For precipitating the magnesium sulphates as represented 
by Group III (r) parts of caustic soda are required, so that 
z + r or z-\-2y-\-r caustic soda is necessary for the precipitation 
of Groups I and III. 

But now x+y = ay also 2x+2y = 2a, 

z+x =6, 
x + 2y—z==2a-b; 

but x+2y—z is from above equal to zero, therefore 2a— 6 = 0, 
and as x+2y+r=z+r, z+r = c-a. 

If 2a - 6 = 0, we still need in this case c-a parts of causticized 
soda-ash only (caustic soda). 

Case 3. Here more gypsum is present than carbonates: 

x+y=a, 

x+y+z+r=c. 

We require here again z+r soda in the caustic form of 
natural soda (sodiimi sesquicarbonate). 

Iix+2y of caustic soda is added to the water x+2y soda-ash 
is produced. 

This is too little for Case 3, as more sulphates than carbon- 
ates are present. 

We therefore need in addition to the x-{-2y parts of soda- 
ash by weight n parts of natural soda (sodium sesquicai-bonate) 
or x+2y+n. 

This quantity completely precipitates the gypsum. 

Then x+2y+n=z. 

But for the total precipitation of all salts x -\-2y +n -{-r of 
natural soda (sodium sesquicarbonate), as well as in caustic 
form, is required. 

As z+r soda in one form or the other is needed in all cases, 

z+r = x-\-2y+n-{-r, and 2-hr = c— a; 
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therefore 

or 

c—a~n = x+2y+r. 
But as x+y=a, 



2x+2y = 2a 
x-\-z =16 



and from this 2a-b=x-{-2y—z. 



In connection with 

c—a—n=x+2y-\-r 
we have 

c — 3a— n+6 = r+2:, 

and because r+z=c—a we have finally 

-2a-n+6=0 or -(2a-6)=H-n 

in sodium sesquicarbonate. ' 

Now as on the whole no more soda-ash may be used than 
z+r parts by weight and z+r parts by weight = c - a, and further 
as n parts by weight natural soda (sodium sesquicarbonate) is 
to be used, there remains to be added in causticized soda (caustic 
soda) =c—a—n parts. 

Test of Kalmann's Formtila. 

If we now consider an example for testing these formulas of 
Kalmann. It is permitted me to follow in this study the same 
method of which I had written before having known of Kal- 
mann's formulas for calculating the additions, because it will 
show the deliberations necessary to a better understanding 
and the advantage of his formulas. 

I have chosen a water which I have purified with good 
results. 
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This water was of especial interest because it contained so, 
much MgH2(C03)2, as the following analysis brings out. The 
water contained: 

24.0® bound carbonic acid in cold water (calculated as CaO) 

7.5° '' '' '' '' boiled water 

16.0° permanent hardness (calculated as CaO) 
29.0° total '' '' '' '' 

10.0° calcium '' '' '' 

21 .0° magnesium oxide '' '' " 

7.0° sulphuric acid '' '' '' 

From the results of this analysis I evolved the composition 
of the water in two ways: 

A. 3° CaH2(C03)2 +21° MgH2(C03)2 +7° CaS04. 

B. 10° CaH2(C03)2 + 14° MgH2(C03)2+7° MgS04. 

Both compositions were possible; the latter was the most 
likely because the water after boiling showed by titration with 
2/io normal hydrochloric acid a strength of 7.5° CO2 (calculated 
as CaO), therefore a proportionally large soluble quantity of 
MgC03 must be present and therefore gypsum could hardly 
be present in it.* 

While this water might be composed according to A or B, a 
preheating of the water of the first composition in open vessels 
could not prevent scale formation in the boilers, because too 
much MgCOs was contained in the water and this remains 
soluble for the most part; the second also could not be used 
without frequent blowing down and washing out of the boilers 
fed with this water on account of the great quantity of scale- 
forming matter. 

If a precipitation in the boiler was desired, it is not to be 
recommended, because the quantity precipitated in the boiler 
must be very large. Therefore a purification of the water before 
it enters the boilers is the only plan. 

* MgCOa in the water and gypsum transpose themselves. 
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If I were in position to be able to say how much carbonate 
of magnesia or how much gypsum or sulphate of magnesia was 
contained as combinations in the water, every uncertainty 
would vanish and the proper composition of the water could be 
described at once and the softening of the water would be 
ascertained. 

But unfortimately the determination of the separate com- 
poimds as such is not generally possible. I therefore made two 
limited investigations in order to be able to select the better 
softening process from the composition of the water. As the 
better results of softening were given from composition B, I 
will only carry out the softening for this composition. 

Water B contained 

10° CaH2(C03)2 + 14° MgH2(C03)2 +7° MgS04; 

therefore the following additions are to be added in order to 
precipitate the hme and magnesia: 



Water. 


Addition. 


Final Results 




In the Solution. 


in the Precipitate. 


10°CaH.(CO,)i, 
14°MgH^C0,). 
7»MiS0, 


10° Ca(0H)2 

28° Ca(0H)2 

7° NaOH 


10° H2O 
28° H2O 
7° Na^^O, 


20° CaCOg 

14°Mg(OH)2+28°CaC03 

7°Mg(OH)2 



Therefore the purification of the water is complete by the 
addition of * 

7° NaOH (1) 

38° Ca<0H)2. 

As the number of calcium degrees are 7 and 38, and 7 calcium 
degrees indicate a calcium content of 7 grams in 100 liters of the 
water; as, further, according to the molecular weights, 56 and 
106 of calcium and soda-ash 7 grams CaO : x grams 100% soda 
=56 : 106; so for 100 Uters of water there is required 

7x106 
x = — gg— = 13 grams 100% soda-ash, 
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and in consequence of the hardness 38° Ca(OH)2 = 38 grams 

CaO. 

Now, as the lime-water for use in the softening must be 

saturated, and as such has a strength of 130°, to each 100 

Uters of the raw water must be added 13 grams of 100% soda- 

38 
ash and -7-5- = 29.21 liters of saturated lime-water. 

We arrive at exactly the same results if we take first the 
caustic soda as imited with the bicarbonate of lime, whereby 
the 7° of caustic soda and 7° calcium bicarbonate are changed 
into simple calcium carbonate, by which 7° of soda-ash are pro- 
duced and a remainder of 3° of calcium bicarbonate remains 
in the water. 

This 7° of soda-ash must now be converted into caustic 
soda by the further addition of 7° of calcium, which caustic 
soda acts to break up the bicarbonates of lime and magnesia 
still present, forming soda-ash, which will be converted by the 
addition of fresh hme again into caustic soda, until it finally 
completely transposes itself with the magnesium sulphate 
remaining finally in the water. 

The caustic soda therefore plays a transmitting r61e in the 
water. 

We will now calculate the additions according to Professor 
Kalmann, and maintain as in the previous case the composition 

iz= )0° CaSO,+ (a;= )10° CaH2(C08)2+ (t/= )14° MgH2(C08)2+ (r= )7° MgSO* 



a = 24 

6 = 10 z+r^c -a= 7° 1 

c=31 a:+22/-2=2a-6 = 38° J • • ' ' (2> 

2a-6>0, giving us Case 1. 

According to Professor Kalmann's formula a result is 
foimd which agrees exactly with the amounts previously 
obtained and which in a similar manner requires that 
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100 liters of raw water be treated with 



■ 13 grams 100% soda- 
ash. 
29.21 liters saturated 
hme-water. 



We see, therefore, we may place full reliance in Professor 
Kalmann's formulas. 

This is also shown in another way on pages 49 and 50. 

In Case 3 (see pages 46, 48, and 55) the difference 2a— b 
appears negative. This difference indicates when positive a 
quantity of CaO to be added. 

The negative mark indicates therefore that CaO should be 
taken away. This occurs chemically if we place opposite his 
CaO an equivalent quantity of soda-ash, by which the lime 
is precipitated as CaCOa and caustic soda is obtained. 

This caustic soda must then be diminished, which is accom- 
plished by c — a quantity of caustic soda. 

A similar deductive process leads us to the addition of 
sulphate of iron to waters with a content of bicarbonate of 
soda (see page 66). 

Pfeifer's Formtila and Comparison of Restilts by Kalmann's 
and Pfeifer's Formtilas. 

On the basis of StingFs scientific analysis, Pfeifer has 
worked out a very simple formula by which the addition of 
lime and soda may be calculated. 

1. For the purification of water the necessary addition of 
lime may be calculated by the following equation: 

CaO = 10^t + 1.4MgO. 

In these formulas we denote 

^ ^ . MiUigrams per liter 

CaO m 7^ t:^ 7—. 

Grams per cubic meter 

ffe« temporary hardness in German degrees. 
MgO = magnesia in milligrams per liter. 
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2. The soda-ash necessary for the purification of water- will 
be calculated by the following equation: 



Na2C03«18.9^p, 

where Na2C03=the carbonate of soda in milligrams per liter; 
Hp= the permanent hardness in Grerman degrees. 

If we calculate according to Pfeifer and would determine 
the distribution of the three liquids as in the example pre- 
viously given, then we have only to express the soda quantities 
in hme degrees. 

According to J. Pfeifer only lime will be employed for the 
purification of a water containing soda. The formula No. 2 
applies to this case as well. 

By the Stingl method an equivalent quantity of Epsom salts 
will be replaced by the caustic soda generated from lime and 
soda. 

The soda in the water can be removed by gypsum solution 
alone or lime and iron sulphate, or by caustic lime and sodium 
bisulphate. 

The formulas of Kalmann and Pfeifer give exactly the same 
result. Both formulas are based on the theoretical analysis 
made by Prof, von Stingl, and the only difference between 
the two formulas is that Prof. Kalmann calculates the chief 
compounds in terms of soda and places the figures thus ob- 
tained in his algebraic formulas, while Pfeifer in his formulas 
inserts the value of the calcium, magnesia, permanent and tem- 
porary hardness in terms of calcium degrees of hardness. By 
assigning the proper values to the latter Pfeifer's formulas 
give the results in milligrams. 

In the following demonstrations the material to be added 
for purifying water of the composition given below is calcu- 
lated by both the Kalmann and the Pfeifer method, and the 
quantities of the different compounds are calculated in terms 
of lime, as described by the author in the Journal of the 
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Progress of Railways, issues I, II, and III of the Volume for 
1903.* The water contains 

2° CaH2(C08)3+3° MgH2(C03)2+5° CaS04+4° MgClg. 

The quantity of bound carbonic acid is 2° +3® = 5° =a; 

'' total lime is 2°+5°= 7^«6; 

'' total hardness is 2° + 3°+5°+4° = 14^=c. 

Then, according to Kalmann,t 

2a-6 = 10°-7°=3°CaO; 
c-a = 14°-5°=9°NaOH; 

and as 1 molecule of NaOH is created from 1 molecule of CaO 
and 1 molecule Na2C03, there must be added as a precipitant 
to the water 

9°NaOH+3TaO=9°Na2Co3+9°CaO+3°CaO=9°Na2Co3+12°CaO 

or for 1 liter of water 120 mg. CaO and 106/56x9° = 1.89 xg*" 
= 17.0 eg. or 170 mg. soda-ash. 
According to Pf eifer { we have 

CaO mg. = 10 Ht^' + IA MgO (mg.), 
Na2C03mg. = 18.9ffp°. 

In these formulas 

Ht is the temporary hardness, or 2° + 3° =5°; 
Hp'' '' permanent '' '' 5° +4° =9°. 

1 German degree of hardness = 10 mg. CaO in 1 liter of water. 
The derivation of Pfeifer's formulas results from the sub- 
stitution of 

1 molecule CaO for each bicarbonate compound; 

1 *' CaO '' '' magnesia compound; 

1 ' ' Na2C03 ' ' ' ' molecule of permanent hardness. 

* On page 57, column 2, lines 14 to 18 of these issues the same may be 
seen: 10% soda (made caustic). 

fKalmann, Aid to Water Preparation according to Berenger Stingl. 
Commimication from the Museum of Technology, Vienna, 1890. 

X Pf eifer, Budapest. Critical Studies on the Investigation and Purification 
of Boiler Feed-water. Zeitschr. angew. Chemie, 1902, vol. 15, page 193. 
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Therefore 

2^CaH2(C03)+3° MgH2(C03)2+5° CaS04 +4^ MgClg 
2^CaO +3°CaO +5^Na2C03+4°Na2C03-=12«CaO + 

+3°CaO +4°CaO 9°Na2C03 

2°CaO +6^CaO +5^Na2C03 -H4°Na2C03 

+ 4°CaO 

If the quantities of the materials found as above in Pfeifer's 
formulas are calculated in milligrams, there results 

CaOmg. = 10X5° + 1.4x7°X|^=50mg.-f70mg. = 120mg. 
Na2C03 mg. = 18.9 xHp = 18.9 X9° = 170 mg. 

The results are therefore exactly ahke. In the case where, in 
addition to the bicarbonates of lime and magnesia, the water 
contains also the monocarbonate of the latter material, an 
accurate analysis to check the softening is necessary, as neither 
Kalmann's nor Pfeifer's formulas take into consideration these 
special cases. 



Treatment of Alkaline Waters. 

If a water on heating has an alkaline character and if the 
investigation and calculation according to Kalmann shows that 
the total hardness is less than the alkalinity, it indicates that 
this water belongs to Class 4. 

Let us consider as a special example one such water, which 
descends from certain strata of the Vienna basin. 

According to Dr. Schierholz the water contains in 1 liter 

Iron oxide and alumina 3.3 nigr. Calculated to CaO : 

Lime (CaO) 29.0 " 2.9° 

Magnesia (MgO) 21.5 " 3.01° 

Potassium and sodium (Na20) 185.0 '' 16.70° 

Smca(Si02) 9.0 '* 5.5° 

Chlorine (CI) 8.9 '' 1.13° 

Sulphuric anhydride (SO3) .... 84.0 '' 5.88° 
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Nitrous oxide (NgOs) 0.0 mgr. 0.0° 

f47 0° free 
Carbomcacid(CO.) 370.0 " {23:5°bound 

Organic matter 56.0 ' ' 

Suspended matter 0.0 '' 

Total hardness 5.901° 

Permanent hardness 5.37° 



This water, taken from a well 45 meters deep, is characterized 
by its high content of sodium bicarbonate and is therefore 
extremely alkaline. 

If used in a locomotive, it acquires a strong alkahne charac- 
ter through the soda-ash formed by the driving off of the 
carbonic acid. 

Frequent washing out of the boiler is necessary or else a 
violent foaming occurs. 

But its most harmful property is that it violently corrodes 
the copper plates, stay-bolts, fire-box, and the metal of the 
injector, while the iron tubes and iron boiler-plates do not 
suffer. Copper under certain conditions will be corroded by 
the acids in the air, but the coating is an insoluble carbonate 
of copper oxide, while in this instance, in which the copper 
is eaten away, it appears quite bright and the copper has gone 
into solution. 

Such a solution according to Dr. Schierholz may be caused 
by the presence of organic substance, carbonic alkalies, and 
acids of the air. 

In this instance the cause of the destruction of the copper 
is therefore the united action of these materials, whose action 
is promoted by the concentration of the waters in the boiler 
and the heat. 

Prof. Dr. Oser made further experiments with the same 
water in the following manner: Metallic copper was treated 
first with raw water and another time with a slightly alkaline 
softened water at 160°-200° C. for twelve hours in a closed 
glass tube under high pressure. 



64 ANALYSIS AND SOFTENING OF BOILER FEED-WATER. 

In the first case the copper was attacked much more strongly 
than in the second case. 

It is evident, therefore, that as a matter of fact with higher 
pressure and with higher temperature the solubility of copper 
in the raw water is increased. 

We may now note as follows : 

That the water derived from a bored well 45 meters deep 
will not usually change in its composition, and the analysis 
of Dr. Schierholz may be considered in its principal charac- 
teristic the true one. A confirmation of this assumption is 
drawn from the circumstance that, according to an analysis 
made later by the author, the lime, magnesia, and carbonic 
acid agreed nearly with the Schierholz analysis. 

That soda in every condition strongly attacks copper is 
a known phenomenon. One need only to mention that the 
fittings of boilers, to the water of which an excess of soda 
has been added in order to prevent the formation of scale, 
become green and by and by through the formation of copper 
salts suffer a loss of material. 

As a remedy for the bad effect mentioned above it is recom- 
mended either to frequently blow down the boiler or weaken 
the alkalinity of the water by the addition of iron sulphate. 

From investigations completed it is known that the re- 
action from the addition of iron sulphate to raw water in a 
cold condition is very slow, so that therefore a practical use 
of this reaction in this manner is not feasible. 

On the other hand, a heavy precipitate settles quickly, 
if we add sulphate of iron in hot water. But this method 
of neutralizing the water is not feasible because a great quantity 
of precipitate would form in the tender and in the boiler, so 
that a very frequent washing but would be necessary. It 
would also cause priming in the locomotive and clogging oi 
the injector. But much worse than this is the fact that, through 
the formation of a precipitate consisting of precipitated iron 
oxyhydrate in the boiler and tender, the iron of the boilers 
is strongly corroded by this precipitate and its combined action 
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with acids. By the above not only would the copper be 
destroyed, but the iron as well. 

It is reconunended to use iron sulphate for the neutral- 
ization of any soda formed together with a small addition of 
lime for the separation of the bicarbonate of lime and mag- 
nesia in the raw water and when the water is to be filtered. 

For 1 cubic meter of the raw water an addition of about 
340 grams crystallized sulphate of iron and 200-300 grams 
calcined 90% calcium oxide is recommended. This method 
of treatment is not complete, as the calcium, which causes 
a quick separation of the precipitate, gives in many cases 
too small a precipitate. This action will take place in the 
same manner in a cold condition as in a hot condition. If 
the precipitation occurs in the boiler, the precipitate formed by 
carbonate of lime consists largely of iron oxyhydrate, which 
on settling will increase by its action oh the boiler-plates. 

For instance, an analysis of the boiler-water and the pre- 
cipitate in the boiler taken after three to four days' operation, 
made by the chemical laboratory of No. 3 Trunnerstreet, 
Vienna, shows that the water contains .415 grams CO2 per 
liter but neither iron nor copper, while in the precipitate was 

44.72 gr. copper (CuO) per Uter, 
33.20 '' iron(Fe203) " '' 

The copper was in the form of carbonate of copper; the iron 
was contained in the slime as iron oxyhydrate. 

In order to learn whether this amount increases proportionally 
or increases progressively with the concentration of the soda 
solution it would be necessary to make an analysis of the 
boiler-water and boiler-mud after each one, two, and three 
days' run of the locomotive. 

We could see from this whether a more frequent washing 
out would-, bring the consumption of copper to a minimum, 
so that all installations might avoid this loss. 

How often the performance of this operation would be 
necessary would have to be determined by experience. 
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It has been proved by the author from the previous experi- 
ments and his own previously described calculations of water 
analyses that the preceding water may be so treated (purified) 
by means of a proportioned quantity of lime and iron sulphate, 
that the amount of precipitate settling in the boiler would be 
hardly worth mentioning. 

The process is the following: The bicarbonate of soda will 
react with a corresponding quantity of caustic lime to form 
caustic soda and simple carbonate of lime, the latter being 
precipitated. 

The caustic soda on the contrary remains in solution and 
may be taken up by an addition of iron sulphate, whereby 
sodium sulphate and iron oxyhydrate are formed, the latter 
being thrown down as a precipitate. 

The bicarbonate of lime will be completely precipitated as 
carbonate of lime by the addition of caustic lime. 

The bicarbonate of magnesia will be changed, so far as is 
possible by the cold process, into simple carbonate of lime 
and magnesium hydrate. 

By these processes a very good and quick clarification may 
be obtained. We may calculate the treatment for the raw 
water according to Kalmann: 

2a -6= +44.1° CaO; 
c-a= —17.56® caustic soda; 

and in order to carry off this caustic soda we must use + 17.56° 
iron sulphate. 

According to the extent of the hardness we use for 1 cu. 
meter 441 grams CaO, and according to page 20, 17.56° X 4.96 
= 87.2 grams iron sulphate. 

But if there remains in the treated water such a quantity 
of sulphate of iron and caustic soda as would attack the iron 
of the boilers, a special treatment must be used. 

For such cases the following questions are now entered into: 

1. Question: Should we recommend treatment consisting 
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of filling the locomotive boiler with lime-water after each 

washing out? 

To this we must emphatically answer "No." 

By filling with lime-water and the heating of the lime-water 

A great quantity of lime precipitates. According to A. Lamy 

At 10° C 1384% hme is soluble in water. 

'^ 100° C 0584 " " " " " 

It will therefore make all the water in the boiler being 
fired turbid, unless it was still fed with raw water. But the 
instant that the boiler is fed and the raw water containing 
•carbonic acid comes in contact with the lime-water in the 
boiler, a still further turbidity and a consequent precipitation 
takes place, 

Moreover at the same time as much caustic soda is formed 
as there is lime contained in the boiler. Owing to the existing 
tiu-bidity and the caustic soda formed (which causes an in- 
creasing alkalinity) , a strong priming would take place. Besides, 
it is to be feared that the iron would be attacked by the con- 
stantly increasing caustic soda arising from the concentration. 

2. Should the copper fire-box be replaced by steel and the 
copper stay-bolts be wrought iron? 

From the foregoing, the replacing of the copper stay-bolts 
by iron can be recommended unreservedly, as with the use 
of iron stay-bolts and water pure or containing little or no 
scale iron stay-bolts are iminjured. 

On the contrary the author would advise against the ex- 
change of the copper fire-box for steel on the grounds that 
the locomotive coke usually burnt will generate a high local 
temperature. It is to be feared that this would result in a 
short time in rents in the plates of the fire-box. Besides this, 
tears in the plates of the fire-box would be caused by the 
other burning materials, and would limit the use of the same 
to one year, presuming that the under wall would be dressed 
^th fire-brick (Chamotte). 

But besides this, even if the steel fire-box lasts a longer 
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time, the foaming of the locomotive would still exist and the 
injector would have to be changed frequently, or else it must 
be taken to the repair-shop frequently, as the water would 
still contain soda. 

3. The best way out would be to see if a better water could 
be found by an artesian well passed through the strata. 

4. An improvement of the situation would be under cer- 
tain conditions to aim at placing the water stations for the 
locomotives with regard to the time, so that in service they 
could pass this station with a better water on hand. 

If now it is impossible to arrange according to suggestions 
2, 3, and 4, there remains nothing else than to prepare the 
water by chemical means, so that it loses its soda content, 
and simultaneously its content of lime and magnesia no 
longer permits its previous foaming, and no longer corrodes the 
injector, which may be done in the following manner. 

5. We may first purify the water by additions of lime- 
water and sulphate of iron before entrance into the boiler. 
But these additions of lime-water and sulphate of iron must 
be in the proper proportions all the time, and therefore a water- 
purifying plant must be established. This must consist of a 
vessel for preparing the sulphate of iron solution and regulators 
for the dose and for the proper mixture of these Uquids with 
the raw water in a mixing-reservoir, a filter and two small 
pure-water reservoirs to draw from. 

But before such an installation is gone into, a course of 
treatment must be predetermined by which to fix what 
alkalinity, what hardness, how much sulphate of iron, and 
how much caustic soda the prepared water may contain and 
whether the water so prepared contains properties which will 
corrode iron. 

An improvement of water by the addition of a correspond- 
ing quantity of sulphuric acid would only be recommended 
when the free carbonic acid is driven off (as the latter would 
lead to corrosion) and it may be removed either by heating or 
by passing air through the water. 



DETERMINATION OF THE AMOUNTS OF REAGENTS. 6^ 

Heating of such a great quantity of water is not practi* 
cable; the passage of air through the water by rising currents 
of air is possible, but is not yet used in many places. 

The addition of lime-water and magnesium sulphate is 
more frequent as devised by Prof. Stingl (see page 43, Table B)^ 
and the two operations will be described hereafter, by which 
first caustic soda and then sulphate of soda and magnesium 
hydroxide are formed. 

Finally, the bicarbonate of soda is converted by lime- 
water inljo caustic soda, and after clarification the caustic soda 
according to Prof. Kalmann is neutralized by an addition of 
sodium bisulphate. 

The fact that with waters under Case 2, whose content 
of sulphate of lime is equal to the carbonate and which may 
be entirely purified with caustic soda, and that by a purifi- 
cation with caustic soda especially good results of purification 
are achieved (great softness, small alkalinity), awoke in the 
author the thought that water with a preponderating con- 
tent of carbonates, whose purification by means of the lime- 
water and soda-ash method gives an imperfect result, might be 
given the properties of Case 2 by the addition of sulphuric 
acid to the water before purification and then be purified with 
caustic soda. 

Chief Chemist Grittner of the Imperial State Railway, how- 
ever, found this method would only accomplish its object if the 
carbonic acid could be driven off. The caustic soda com- 
bined itself with the carbonic acid remaining in the water^ 
and on this account the water remained hard. A satisfactory 
result was only achieved by driving off the carbonic acid by a 
current of air or by heating. 



CHAPTER VI. 
TESTING THE SOFTENING. 

After the investigation of the water as described and the 
calculation of the additions have been made according to 
Kalmann's method, the correctness of the ascertained result 
will be tested in greater quantity by means of a softening 
process. 

For this purpose 100 liters of raw water will be placed in 
-a cleaned petroleum barrel for heating; lime-water will be 
miEtde in a second similar barrel, in which 1 kg. lime is dis- 
4Solved, the barrel filled with water, and contents well stirred, 
then allowed to clear in quiet. The clear liquid is the lime- 
ivater, possessing a hardness of from 120° to 125°. 

The lime-water must have its strength investigated : 56 c.c. 
of it is measured out, colored with indicator and treated with 
a measured quantity of ^/^q normal hydrochloric acid from a 
burette graduated in Vio c.c. 

The number of Vio c.c. of the ^/lo normal HCl, required 
for the color change gives the degrees of hardness. The 
2/io normal HCl must contain as much HCl as would corre- 
spond to 560 degrees of hardness. 

As 1 liter of ^/^q normal HCl contains 7.3 grams HCl, and 

36.5 grams HCl corresDonds to 28 grams CaO, 7.3 grams HCl 

7 ^ X28 
■corresponds to ' , =5.6 grams CaO in 1 Uter. 

According to the definition of hardness, one degree of 
hardness is the containing of 1 part by weight in 100,000 parts 
by weight of water, or ,01 gr. in 1000 gr. = l liter of water; 

70 
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but as 5.6 gr. CaO is 560 times .01 gr. CaO, the strength of 
2/io normal HCl is 560 Ume degrees. 

If, now, for example, it requires 130 */io c.c. of ^/^^ 
normal HCl to neutralize 56 c.c. lime-water, the strength of the 
latter will be 130/10X560°= 56a;, a: = 130''. The Ume-water 
has, if 56 c.c. of the same is taken, just as many degrees of 
hardness as the number of Vio c.c. ^/k, normal HCl used for 
neutralization. 

In a similar manner prepare and investigate the strength of 
the caustic soda solution. 

Take 100 liters of raw water in a third barrel and dis- 
solve about 4 kg. of soda-ash in a smaller quantity of warm 
water; add this to the 100 Uters of raw water, then make 
it caustic by dissolving in it 4 kg. of burnt Ume, and soda solu- 
tion is produced. After the necessary quietness and settling 
the strength of the caustic soda in the liquid may be determined. 

As the caustic soda solution is very strong and would re- 
quire too much 2/io normal HCl to neutralize any considerable 
quantity, we cautiously draw out 10 c.c. of the caustic soda 
liquid into a measuring-glass with the help of a pipette, place 
in a flask 30 c.c. ^/jq normal HCl, color this with the mixed 
indicator and allow the caustic soda to drop from the measuring- 
flask into the ^/jq normal HCl. 

This shows the strength (x) of the solution in caustic soda 
in lime degrees, if m represents the number of cubic centimeters 
of caustic soda used, by the equation 30:560: :m:x. 

If, for example, we have produced in the above manner 
caustic soda of 1600° (by the solution of 4000 grams of 100% 
soda-ash in 100 liters of water, and if the caustic soda Uquid 
had no other losses, it would have a strength of 4000 :x: :53:28, 
a: = 21 13° Na2CO3 = 1600° NaOH, and if it were calculated that 
for softening the water 7° NaOH and 38° Ca(0H)2 was neces- 
sary, then we must add to 100 liters of raw water 100X7° 
=xXl600°, x = .437 liters of this caustic soda liquid and 100 X 
38° = 2/ X 130°, 2/ = 29.2 liters of lime-water, in order to soften 
the 100 liters of raw water. 
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The error which will be made on account of there being Ume- 
water as well as caustic soda Uquid in the solution and that 
therefore the 1600° does not all consist of caustic soda is not 
important, because the lime in the presence of so strong a 
solution of caustic soda is much less soluble; but if at all events 
the quantity of Ume-water mentioned contained in the soda 
solution is less than 75°, the 1600° mentioned must be increased 
at the most about 75°. 

From the result of this softening test it can now be told 
what small changes are necessary in order to carry out the 
softening on a large scale. 

If a purifying plant is installed, the supervision of the 
managing engineer is necessary from time to time to examine 
the purity and uniformity of the purified water, the lime- 
water, and the soda solution, as well as the uniformity of the 
raw water. 

The following simple means suffice for the pump operator 
to make tests from time to time : 

1. Test by allowing a drop of purified water to drop on 
litmus paper. 

If the water possesses alkaline characteristics, a plain brown 
color occurs. 

2. Test for alkaline properties and the bound carbonic 
acid by treating a sample of water colored with mixed indi- 
cators and titrating by means of ^/^q normal HCl (each Vio 
<;.c. of acid used = l°). 

3. Test for total hardness by titrating with soap solution. 
The pure water must first be neutralized. 

4. Test for a surplus of the added chemicals or presence 
of untreated carbonate of magnesia, by heating a small quantity 
of purified water treated with the indicator. 

In the absence of such an excess; or in the presence of dis- 
solved carbonate of magnesia, the liquid will turn yellow on 
heating; in the other case it remains colored red or orange 
yellow. 

5. Test for the result of the apparent purification in three 
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drinking glasses. Place purified water in each of them and 
then treat the row with testing chemicals as in the following 
table : 



1 


2 


3 


4 


Glass I. 


Muriate of ammonia 
Oxalate '* 
Ammonia 


Notice any exist- 
ing turbidness 
or formation of 
precipitate. 


Unprecipitated lime or 
excess of lime-water. 


Glass II. 


Soda-ash solution 


Unprecipitated calcium 
sulphate or excess of 
lime-water. 


Glass III. 


Lime-water 
(the glass must be 
stoppered in order 
to keep out air). 


Unprecij)itated carbon- 
ate of lime or magnesia 
salts or excess of soda. 



The investigation of water by mixing Uquid additions with 
purified water or by pouring together purified and unpurified 
water is to determine from the resulting turbidness whether 
there is too great an alkalinity or an incomplete purification, 
and to determine the changes of the amounts of the added 
chemicals required. The use of gypsum-water will also be 
necessary for the determination of an excess of soda-ash, or 
the use of Epsom-salt solution for the determination of an 
excess of caustic soda, in very rare cases, as only a minute 
excess of these substances may exist in the water. 

By observing the behavior of the purified water after the 
mixture of the treated water with these liquid additions, we will 
soon perceive the necessary changes to be made in the quan- 
tities added, and notice from this a satisfactory change in the 
water purification, or perceive the possibility of improving the 
apparatus. 

6. Investigation of the lime-water. The lime-water must 
be clean and pure and have a lime strength of 120°. 

56 c.c. lime-water is colored red with 2 or 3 drops of in- 
dicator, a mixture of methyl orange and phenolphthalein. 

Now drop in ^/^q normal HCl from a burette graduated 
in Vio c.c. until the color changes from red to yellow. 
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The number of Vio c.c. of ^/^q normal HCl used indi- 
cates the degree of alkaUnity. 

7. Investigation of the soda solution. The soda solution 

should have its degree of saturation prescribed in degrees of 

lime. 

2n 
30 c.c. of ~ HCl will be colored red with two drops 

of indicator, and soda-ash solution dropped in from a burette 
graduated in ^/lo c.c. until the color changes from red to 
yellow. 

The following gives the result when the color change occurs 
from this addition:* 

5.6 c.c. soda solution. The soda-ash solution contains 500^ 

2.8 '' '' '' '' '' '' '' imf 

1.86 '' '' '' '' '' '' '' 1500^ 

.93 '' '' '' '' '' '' '' 3000*^ 

If more soda solution is used for the change of color, this 
is too weak, then more soda is to be placed on the sieve. 

8. For investigating the German degrees of hardness 
25 c.c. of the pure water to be investigated is first made neu- 
tral, and freed of free carbonic acid by blowing in air accord- 
ing to Prof. Blacher (of Riga), then diluted with 75 c.c. of 
chemically pure water in a shaking -flask. Now treat with 
soap solution a drop at a time from a burette graduated 
in Vio c.c. and shake until a foam forms which will remain 
at least for 5 minutes, and which appears to stand longer after 
being violently shaken again. 

The number of cubic centimeters of soap solution used 
according to Faist and Knauss gives the German degrees of 
hardness as follows: 

* On the basis of the proportional equivalents between Viq normal HCl, 
soda-ash, and lime we have 

30 c.c. X 560° 



cubic centimeters of soda solution used 



=x** of soda solution. 
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3.4 c.c. 


= 2= 


4.4 " 


=3° 


5.4 " 


=4° 


6.4 " 


= 5° 


7.4 " 


=6° 


8.4 " 


=70 


9.4 " 


=8° 



11.3 


c.c. 


= 10° 


13.2 




= 12' 


15.1 




= 14° 


17.0 




= 162 


18.9 




= 18° 


20.8 




=20* 



It is sufficient if the purified water is perfectly clear and 
does not possess more than 5 to 8 German degrees of hard- 
ness; it must also form a foam, in the previously given dilution 
with chemically pure water, by the addition of 6 to 9 c.c. of 
soap solution. 

9. On the alkaUnity. As a prelude to the investigation 

of the alkaUne strength of the pure-water colors 56 c.c. will 

be colored red with 2 or 3 drops of indicator according to- 

2n 
(2) ; then drop in t^ HCl from a graduated burette, until the 

color change from red to yellow occurs. 

Therefore 1 c.c. of 2/10 HCl corresponds to 1° of alkalinity. 

Pure water may not possess at the maximum an alkalinitjr- 
of more than half its degree of hardness. 

10. Investigation of raw water. The raw water is to be 
examined at stated times to determine its degree of hardness 
and alkaUnity. 

The result is to be entered in the operating note-book (see 
page 76). 

It is recommended to take the tests of the raw water ia 
different years, in time of drought, of rains, and of cold, in 
order to learn to know the peculiarities of the water under 
different outer conditions. 

This control by the operator is necessary for the maintenance 
of the apparatus and in order that its successful operation may 
be independent of the attendant; besides this a properly timed 
mixture of the water with lime and soda-ash or other compounds 
at greater or less intervals of time is indispensable. The re- 
moval of the precipitate must also be properly timed. 
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If the owner or his agent can or will not always personally 
undertake entire charge of the water used in his estabUsh- 
ment, at the least the attendant should undertake the most 
important tests, as follows: The determination of the total 
hardness, the determination of the alkahnity, the chemical 
strength and uniformity of the Ume-water, and the soda solu- 
tion; and the owner should be able to check up the tests. 

If the attendant is in position to test the Uquid himself, 
and if he can express the results of his tests in numbers in 
<jomparison with others, he will awaken an interest in him- 
self for his work, he will deem himself better qualified, and 
the operator also will not lack the knowledge of the most im- 
portant properties of water purification. 

But if it is indispensable that the owner or his com- 
missioner himself work in this department of his works, 
he must be in position to make himself all the tests of the 
water used in his estabUshment; he must be capable of cal- 
culating the time of changes of the raw water, the changes 
of the reagents used (lime-water and soda-ash solution); he 
must lastly be able to judge if the water-purifjdng plant installed 
works properly and uniformly. 

If the subordinate feels himself firmly controlled, he will 
always perform his duty regularly. 
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In installed plants, the testing liquids should be taken out 
of definite receptacles, and the quantities should have strengths 
definitely determined. 

It is well to carry out more tests with more and with less 
than the calculated amounts and compare the resulting puri- 
fication together. 



CHAPTER, VII. 

THE REMOVAL OF PRECIPITATE FROM THE TREATED 

WATER. 

A WELL-PURIFIED Water can form no boiler-scale; the latter 
at the most will be spongy from incomplete purification, and 
on letting out the water a spongy powder-like coating would 
form on the inside plates of the boiler. 

On the other hand the removal of precipitate in the boiler 
will be hardly worth mentioning; the prevention and removal, 
of this Prof. Kalmann described in the "Austria-Hungarian 
Journal for the Sugar Industry and Agriculture," Part I, 1902, 
(Oesterr.-Ungar. Zeitschrift fiir Zuckerindustrie und Land- 
wirthschaft,) as follows: 

If we treat a water according to the method of Berenger 
and Stingl with caustic lime and caustic soda, caustic soda, 
alone, or with soda-ash and caustic soda according to its com- 
position, and take for this treatment a properly calculated 
quantity of the reagents,* then the water obtained will not 
possess more than 2.5 to 5.5 German degrees of hardness, be- 
sides its other chemical properties. 

A properly treated water behaves differently in the boiler 
from a natural water of similar degree of hardness. 

* For the calculation of the quantities of the reagents see Kalmann: 
Article on Water Treatment according to Berenger and Stingl, Communica- 
tion of the Museum of Technology, 1890, (Beitrag zur Wasserpraparation 
nach Berenger-Stingl, Mitteilungen des k. k. technologischen Gewerbemu- 
seums, 1890.) See also "Austria-Hungarian Journal for the Sugar Industry 
and Agriculture," Vol. XX, year 1891, page 130. (Oesterreichisch-Un- 
garische Zeitschrift fiir Zuckerindustrie und Landwirthschaft, XX. Jahrg.. 
1891, p. 1300 
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In the latter the carbonates of calcium and magnesium 
^which form the temporary hardness) are for the most part 
thrown down, while the other calcium and magnesium com- 
pounds, which form the permanent hardness, will gradually 
accumulate in the waters, until saturation of these salts occurs, 
whereupon they will also begin to precipitate. 

If we feed a boiler with a natural water of little hardness, 
a precipitate composed of carbonates separates itself, while the 
water in the boiler increases in hardness more and more until 
A certain limit. 

I have had occasion, in time past, to investigate a water 
whose analysis showed: 



Lime (CaO) 0336 gr. per liter 

Magnesia (MgO) 0038 '' '' '' 

Total hardness 3.9 German degrees 

Temporary hardness. ... 3.1 '* *' 

Permanent hardness 9 '' '' 

After the boiler had been some time in operation, the water 
in the boiler showed a total hardness of 40.5°. It showed that 
the hardness of the water had increased more than ten times. 

A water treated according to Berenger and Stingl behaves 
•quite otherwise. In this the lime and magnesia are contained 
in the form of carbonates and hydroxides respectively, whose 
quantity varies according to the other salts dissolved in the 
water, as the solubility is different in pure water and water 
containing salts. The hardness of treated water is accounted 
for by the solubiUty of calcium carbonate and magnesia hydrox- 
ide, which, as we have mentioned, varies from 2.5 to 5.5. 

If such a water is used for boiler feeding, it behaves Uke a 
saturated solution of Ume and magnesia; therefore the strength 
of the lime and magnesia cannot increase any more. The lime 
and magnesia must precipitate themselves in the form of 
carbonate and hydroxide respectively, in the same quantity as 
the evaporated water is delivered. 
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I have the analysis of a treated boiler feed-water whose 
hardness was 4.8°. After 36 days' operation the water in the 
boiler showed only 2° of hardness, and the owner complained 
of the formation of a precipitate. 

From Chief Inspector Wehrenfennig of the Austrian North- 
west Railway, I have received a great quantity of treated 
water, whose analysis gives the following result : 



Lime 0242 gr. per liter 

Magnesia 0180'' '' '' 

Total hardness 4.9 German degrees 

Temporary hardness. .. . 4.9 '* '* 

Permanent hardness '' '' 

When a measured quantity of this water was concentrated 
to Vio its volume, a precipitate was thrown down at once, 
while the filtered water showed the following composition: 



Lime 0113 gr. per liter 

Magnesia 0340 '' '' '' 

Total hardness 5.9 German degrees 

The composition has changed materially from the firsts 
with which the proper proportion of reagents does not entirely 
agree, yet the total hardness remains about the same. 

From both these examples it follows that a treated water 
acts differently in a boiler from a natural water of similar hard- 
ness. The following examples may demonstrate the disad- 
vantage of these different actions. 

Taking a natural water of: 

Total hardness 4.0 German degrees 

Temporary hardness. ... 3.0 '' '' 

Permanent hardness. .. . 1.0 '* " 

the point of saturation is reached at 40° permanent hard- 
ness. 

If we concentrate 40 cu.m. of this water to 1 cu.m., 30X40 = 
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1200 grams of lime and magnesia are thrown down respectively, 
while the water shows 40° of hardness. 

1° hardness = 10 grams lime (CaO) per cubic meter 

AO (( __ Af\ (( ii iC it (( (( 

40 cu.m. water contains 40X40 =1600 grams CaO 

There remains in water of 40° hardness 400 ' ' ' ' 



There was precipitated = 1200 grams CaO 

Or in the case of magnesia an equivalent quantity calcu- 
lated to calcium. 

If we concentrate a treated water of 4° hardness in the 
same manner, the water remaining will still always show a 
hardness of 4°; there must therefore have been precipitated 
40X40—40 = 1560 grams of calcium or magnesia respectively, 
or 360 grams = 30% more than in the former case. 

The question now resolves itself into how to proceed to 
improve a treated water in this condition. 

The prepared water reacts in an alkaline manner with 
methyl orange, as does the natural spring and stream water. 

If we saturate a treated water sufficiently with hydrochloric 
or sulphuric acid, a removal of precipitate will occur on carrying 
the concentration very far; on the contrary a substantial 
increase of the hardness would occur in the water in the boiler. 

The use of an acid is very dangerous and only used in case 
a complete analysis is made continually; therefore for the same 
purpose the use of sodium bisulphate is recommended. Nitric 
acid may also be used for generating the salt mixture remain- 
ing in the water. A chemist must estabUsh, by means of 
an acidity determination * of the treated water and the sodium 
bisulphate, how much of the respective amounts of the salt 
mixtures mentioned above must be added to each cubic meter 

* Methyl orange as indicator. 
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of the water. If in practice we take a somewhat less amount, 
we will (notwithstanding the variableness in the treatment) 
not nm the danger of creating an acid-reacting water. 

One analysis which I carried out with sodium bisulphate 
and with a freshly treated water attained this completely. 
The water was neutral; it threw down no precipitate on con- 
centration to 1/10 of its volume. The hardness increased 
from 4.9° to 49°. 

If we stick to our former example, a treated water of 4° 
hardness and a saturation-point of 40°, we will precipitate by 
a concentration of from 40 cu.m. to 1 cu.m. 40x40-400 = 1200 
grams Ume or magnesia respectively; we have therefore the 
same result as with the natural water. 

This behavior is advantageous because in a properly treated 
water the precipitation does not begin until the point of 
saturation is reached, while with a natural water the precipi- 
tation begins immediately. If, therefore, we do not continue 
the concentration to the point of saturation, whilst renewing 
the water in the boiler with fresh water, we can prevent 
precipitation. 

It is clear that we may also achieve the latter object by 
the neutralization of a naturally soft water. 

The following example may illustrate the proceeding: 

Taking a water of 3° temporary and 1° permanent hard- 
ness. The point of saturation will be 40° of permanent 
hardness. 

If we concentrate 20 cu.m. to 1 cu.m., 20X30 = 600 grams 
of lime or magnesia, respectively, will be thrown down. 

But if by neutralization we bring the temporary hard- 
ness to 0, and the permanent hardness to 4°, there would be 
thrown down by a similar concentration only 400 grams of 
lime or magnesia, respectively, for 40x20-400=400. 

The author has tried this treatment of neutralizing alka- 
line waters in small plants and obtained good results; but 
in large plants there is no advantage. 

The use of sodium bisulphate would also only appear advis- 
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able if the apportionment of the solution would always result 
in a corresponding alkalinity according to the capacity and 
quantity of the apparatus, which would require a perfectly 
reUable person and a very exact apportionment. 

The latter is possible, it is true, by means of the divided 
overflow and the soda displacement systems (see pages 88, 
108, 109, and 114). 



CHAPTER VIII. 

THE ACCOMPLISHMENT OF WATER PURIFICATION AND THE 
SEPARATE ARRANGEMENTS EMPLOYED THEREFOR. 

From the previous paragraphs may be easily calculated 
the kind and amounts of additions, from the results of the 
analysis of the water, which must be added to the raw water, 
in order to free the same of its chemical impurities. 

It only remains to be decided how to prepare these 
additions and how to add them to the raw water, in order 
to accomplish the best possible purification. 

For this certain devices are necessary, which will be described 
in the following. 

1. Designations Selected. 

The designation of the separate parts of the devices appeared 
in the previous edition so that every group of separate devices, 
which served a similar purpose, were marked with the same 
capital letter. This distinguished every part with the clear- 
ness of an index. 

If this index indicated a receptacle, a small letter would 
be used; but if it indicated a pipe, an Arabic numeral was 
chosen and the uneven numbers 1, 3, 5, 7, etc., were used for 
inlet-pipes and the even numbers 2, 4, 6, 8, etc., for outlet- 
pipes. 

The table of designations follows.* 

*The chosen desigDations were taken from the "Eisenbahntechnik der 
Gegenwart." 

84 
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DESIGNATIONS OF PARTS OF DEVICES. 



Raw-water introducing device. . . . 

by pumps 

' * pulsometer 

' * injector 

* * opening a steam-valve 

'* " '* water- valve 

Raw-water stop-cock or valve. 

Raw-water receptacle 



Preheater 

Steam-moving apparatus 

Water distribution (for raw water, mixed water). 
Water-space of the distributor 



Pressure -regulator (for raw water, lime*water, soda- 
ash, or caustic soda) 



Lime distribution 

dissolving-trough. . . 
-pit 

filler-up 

-distributor 

-saturator 

-stirring mechanism, 
-introducing device., 
-pump 

cleanng-plate 

bottom-plate 

washout-cock 

outlet-pipe 



Soda -distributor 

solution-tank 

supply-chamber. . . 

dipping-ladle 

-water air-regulator. 

air-regulator 

gauge-glass 

-pump 

air-pump 

pressure-regulator. . 

flexible tube 

-siphon 

washout-cock , 

outlet-pipe 

inlet-pipe 



Caustic-soda tank..' 

* ' distributor. . . 
* ' solution-tank. 
" air-pump. . . . 
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DESIGNATIONS OF PARTS OF DEVICES— Con/inwed. 



Overflow. 
Tilting-vessel. 



with stirring-paddle. 



Air-pipe 

Air-deflecting surface. , 
plate... 



Filter. 



Stirring mechanism. 

. With excelsior 

" sand 



Mixing-chamber, clearing-chamber, 



washout-cock. 



Pure-water chamber. 



washout-cock. 



U 
H 



M 

M 

R 
R 



m, k 
a 



2. Preparation and Introduction of the Reagents. 

In the " lime and soda treatment '' here mentioned, the 
addition to the raw water is best made in the form of solu- 
tions (lime-water, soda-ash solution, caustic soda), as the most 
thorough mixing of the liquids is then possible and the strengths 
of the reagent solutions are most uniform. 

The quantities of liquids necessary for the purification 
are taken from the raw water as it enters. 

The results must correspond with an analysis, as the strength 
of chemicals in the reagent solutions is known; therefore, bear- 
ing in mind this strength, a certain proportion is to be maintained 
between the quantities of Uquid solutions taken from the raw 
water to the quantity of raw water entering the apparatus, 
which is to be constant so long as the composition of the water 
remains the same. 

This proportion must be capable of being maintained at 
all times and therefore must be easily controlled. As the 
strength of the regeant solutions is very easj of proof, as we 
have already shown, it is necessary to have an adjustment by 
which it is possible for the amounts of the liquids to be very 
easily regulated at any time. 
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The best results are obtained if we allow all the water to 

flow over a horizontally placed brim and have the length of 

this edge divided by partitions to correspond to the desired 

T)ropprtions, so that the different quantities thus separated flow 

off by themselves. • 

Then the proportions of the liquids will be fixed according 
to a standard scale and the exact quantity of the different 
liquids will overflow. 

A. Water-Distribution. 

One such divided overflow-distributor, known as the Weh- 
renf ennig System, is shown and described as follows : * (Oest. 
Priv. ^, -S^ 1899.) 

The problem is to divide the total quantity of raw water 
simultaneously into three parts according to the proportions 
determined by analysis or into 

a. which mixes with the reagent solutions and changes 

from raw water to pure water; 
6. the raw water used in the preparation of a clear satu- 
rated lime-water, which water flows direct through the 
lime; 
c. the raw water used to displace a similar quantity of 
dissolved soda-ash or caustic soda, and which is only 
used for this work. 
If the water is to be divided in four parts, as, for example, 
to wash out the tank, the principal of the adjustment is not 
changed. 

The distributor V (Fig. 12) consists of a circularly formed 
vessel through a sieve, and ov6r whose edge the quieted raw 
water flows from the delivery-pipe P2 into an annular space. 
The circumference of the edge of the overflow is properly 
divided by projecting partitions 1, 5, 3, so that raw water flows 

into the separate chambers 1-5, 1-3-3-5, 3-3, maintaining all 

J 

* Later Breda and Harris Anderson have used overflow-weirs divided 
underneath. Breda a rectilinear, Harris Anderson a circular. 
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the time the proper proportions of the various quantities 
according to the composition of the water to be purified. 

The largest chamber 1-3-3-5 of the distributor deUvers the 
allotted raw water to the purifier through the pipe 2; out of the 




Fig. 12. 

-smaller annular space 1-5 raw water flows through the pipes 
4 and 6 to the lime- tank. 

The small chamber or gutter 3-3 of the distributor deUvers 
a quantity of raw water through the pipe 8 to the soda 
.apparatus. 

The water distribution by means of a cock or valve, either ar- 
ranged singly or in groups depending on each other, is decidedly 
less worthy of recommendation than this divided weir; for, 
while in the weir a small change in position of the dimen- 
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sion causes a small change in the quantity of raw water passing 
over, while with valves or cocks a small change in the posi- 
tion causes a great change in the quantity flowing through. 

Besides, this predetermined proportioning of the distribution 
is guaranteed by the weir whether the pump deUvers more or 
less water, and this is better than \nth valves or cocks, where 
the contraction of the passage of the water with its uncertain 
obstruction has great influence on the quantity passing through. 
A continuous standard cannot be maintained in any case with 
■cocks or valves as controllers, while with the weir the result 
is perfectly standardized. 

But the superiority of the weir distributor over the pre- 
viously mentioned cocks or valves would not be fully and 
•completely brought out if that part of the raw water which 
causes the outflow of a similar quantity of soda-ash or caustic 
soda solution did not effect this latter work in a simple manner. 

The water trickling from this arrangement causes the sinking 
of a plunger, which causes the displaced liquid reagent to flow 
out; or the water may enter an air-regulator whose air-space 
is in communication with a second air-regulator filled with the 
liquid addition, and by this the latter will be raised, according 
to the amount of water admitted, to the point where the mixing 
takes place. 

Both these arrangements are much more to be recommended 
for water- purifying plants than the use of cocks or valves, but 
it is not intended here to expatiate on the deficiencies of cocks 
or valves. 

If cocks or valves are used, the head under which the 
Uquids flow out must remain in an absolutely constant rela- 
tion to each other. 

If, for example, as is the case in the Berenger apparatus, the 
raw water constantly required and which is to be maintained 
constantly at the same height in the tank (V) by an overflow 
(U) should be mixed in the chamber {KS) with the mixture 
of lime-water and caustic soda already placed in it (the 
so-called reagent- water), a pressure-regulator (Z)) must be 
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used, which will make possible the discharge of the reagent- 
water from the outlet- cock under a fixed constant head. 



i P.yjbgig ' g^'^'UJ 




^^pg^j!j ! -j 



Fig. 13. 
If. the soda solution, instead of being mixed in the chamber 
KS, should be prepared by itself and should flow to the point 
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Fig. 14. 

where mixing takes place, a similar pressure-regulator must be 
used, or it will be necessary, as in the case of the Derveaux 
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apparatus, to draw the soda through a siphon {h) from the soda- 
tank (aS J by means of a float and a siphon floating in suspension 
on the surface of the raw water (see Fig. 14), or the soda will 
be delivered through a flexible pipe (6) (Fig. 15) to whose end 
a cock is attached, which is raised and lowered by a float in the 




Fia. 15. 

same manner, so that the liquids flow out under a constant 
head when water is contained in tank (TT). 

The outflow of soda ceases with the stoppage of the inflow 
of raw water. 

B. Preparation of the Lime Addition. 

The burnt lime is the best and can be used in the most 
economical manner if it is freshly dissolved. 

But as we require for the daily water purification only a small 
quantity of lime, and as a greater store of burnt Ume would 
fall to pieces, it is better to give up all claim to the maximum 
efficiency of the lime and procure the lime in larger quantities, 
dissolve it immediately, and store it away in a Ume- pit. 

We will then have a somewhat less efficient but constantly 
uniform supply of Ume. As the Ume is cheap and for this 
reason and — because water only takes up a definite quantity of 
it — a surplus can be used iso that a daily measiu-ement of the 
lime charge by weighing is not necessary and the dose may be 
easily gauged. This dose is so calculated that it wiU last from 
4 to 6 hours. 
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Open lime-tanks will be filled directly from the top (Fig. 16); 
closed lime-tanks, on the contrary, will be filled from a simi- 
larly closed main tank out of which it will flpw gradually 
into a lime-chamber (Figs. 17 and 18). 

In order to prevent any stoppage (of the lime-carriers Kz) 
in consequence of the introduction of lime into the bottom of 
the receiver, the cross-section of the water inlet-pipe is so 



K. 



\^ 





Fig. 16. 



Fig. 17. 



designed that at the same time a corresponding quantity of air 
will rush down with the water. 

This air simultaneously causes a violent stirrijig of the lime 
in the receiver and in the lime saturatjon-tank (Ks) by rushing 
in through it. 

The distribution of calcined powdered lime in a mechanical 
manner by means of belt conveyors, spiral conveyors, or rolls 
is not worthy of recommendation, because, in consequence of 
the hygroscopic properties of lime, the moving parts of the 
former will be incrusted, causing resistance which will bring 
the said apparatus to a standstill. 
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Saturated clear lime water may be very easily produced, if we 
stir in by hand 1 kg. burnt lime =4 liters thick lime paste per 
1 cu.m. of water and then leave settle, or if we take lime in a 
funnel-shaped receptacle or in one with a funnel-shaped bottom 
and allow the raw water to flow in through the lime from below. 

If the shape of the funnel is steep enough, the undissolved 
lime falls down again and again against the rising water and 
will be deprived of its strength. 




By a current rising in this manner through the milk of 
lime found in the lower part of the receptacle, the upper por- 
tion of the receptacle clears itself of milk of Ume and the water 
then flows from the top as clear saturated lime-water with a 
strength of 120° to 125°. 

The water cannot take up more than this 120° to 125° 
from the excess of lime present, and therefore the use of lime- 
water is pecuUar in that the regularity of the quantity of lime 
added is guaranteed. 
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But this clear discharge is only continuous if the inflowing 
quantity of water does not exceed a certain Umit and the velocity 
of the rising water is not too great over a known period. A 
cloudiness of the discharging lime-water is often apparent 
two hours after admission, which may not be permitted, as 
then there is no gauge for the excess strength of Ume in the 
water. This is carried along with the dissolved caustic lime, 
and the inefficacious undissolved particles of caustic lime are 
carried over as CaCOa in the suspended matter in the water, 
which increases the desired strength .of 1.20 to 1.25 grams per Uter 
of water and therefore leads to an excess of lime being added. 

One of the most important problems of the builders of 
water- purifying apparatus is now to proportion the dimensions 
of the receptacle for preparing the Ume with the quantity of 
water passing through the same, and to make the stirring of 
the Ume in the water passing through so violent that not only 
will a complete saturation occur, but also a continuous clear 
discharge of Ume-water wiU be maintained. 

On accoimt of the small solubiUty of Ume with water, the 
saturation of the latter can only be achieved when the Ume 
is distributed through the water by the most energetic swirling 
motion and stirred up with the water. 

For this purpose those stirring-tanks in which this swirUng 
motion was caused with great energy and given a hand stirring 
besides, as was the case in the lime receptacle of Berenger & 
Stingl, are now almost entirely superseded by the settUng process 
in water- purifying arrangements now working. 

I. The efficacious mechanical means by which the swirling 
is caused are: 
a. By means of rotating stirring- arms (Fig. 19). 
6. By means of stirrers moved up and down (Fig. 20). 

But these mechanical stirring devices require a motive 
power which is not always at hand, or water-wheels which may 
be operated by aU the water as it enters, but are subject to 
derangements. 
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II. Hydraulic means which cause swirling motion are: 
a. By means of strong current in the lowest part of a 
narrow chamber or one having a conical form 
(Fig. 21). 

By pouring in water in the wider portion the 
operation does not take place. For this reason 
and because the lime placed in the funnel should 
be used up, the water-inlet must be made as low 
down as possible. 





Fig. 19. 



Fig. 20. 



6. By means of an eccentric inlet of water (Fig. 22), 
in a receptacle with a narrow cross-section and 
an axially central outlet used by Wehrenfennig, s. 
D. R. P. 96091, for mixing and later used by 
Breda in a Ume-saturator. In later systems a 
whirUng motion in horizontal strata was produced 
by means of an oval cross-section). 

c. By means of a vertically washing up and down of 

the lime particles in cross-sections changing from 

wide to narrow (Fig. 23). 

III. Pneumatic means (Figs. 16-18) which employ a rising 

current of air in the water for stirring are independ- 
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ent of the form of cross-section of the lime-receptacle. 
The lime-particles are energetically stirred up to 
any desired height with the water from one or 
more jets (from below by Kr^ and from above by 
K^). The air necessary for this purpose will be 
constantly carried automatically in by the entering 
stream of water in a closed pipe. (System Wehren- 
fennig Oest. Priv. ^i^.) 




Fig. 21. 
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Fig. 22. 



Fig. 23 



The employment of air for the saturation of 
the water with lime is of particular advantage, 
because the rising currents of air (i?) in the water 
remain the same in narrow as in wide lime-recep- 
tacles and because they will not be divided or be 
hindered by inlet- pipes. The most violent swirling 
and circulation will be imparted to the water by 
this means. 

For water aJone (Dervaux System) the rising currents arft 
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dependent on the cross-section of the lime-receptacle. A very 
important point in the employment of air is the keeping clean of 
the outlet orifice of the lime-outlet and the positive inlet of air 
in spite of obstruction, because the head will increase rapidly in 
the open topped inlet-pipe from the distributor, and on this 
account the water and air will rush violently through any choked- 
up places of the inlet openings into the lime saturator. 

Such a continually operating automatic stirring apparatus 
first using air was that of E. Wehrenfennig * in which the water 
passing down a narrow pipe rushed with a great quantity of air 
to the bottom of the mixing-vessel and rising stirred the lime 
energetically with the water. Air is carried with the water 
when the area of the downtake pipe is less than Q/2.2 square 
decimeters, wherein Q is the quantity of water in liters and 2.2 
decimeters indicates the velocity of a rising air-current in the 
water. It will be observed that the air rises in groups of bubbles 
in the water, does not remain under pressure in the latter, and 
frees itself in great bursts. 

There can hardly be, therefore, any absorption of air by the 
water, as the following tabulation of the results of analyses 
shows that the stirring of water with air in the manner described 
above does not result in its taking up oxygen. 

The water in the distributor, the water in the inlet stirred 
with lime by passing air through it, the water stirred with lime 
in the lime-saturator, and the pure water were examined for 
their strength in oxygen by the Agricultural Chemical Investi- 
gation Station in Vienna (II. 1. Trunnerstrasse 3) and gave the 
following per 1 liter of water at 0° C. and 760 mm. barometric 
condition: 

Anal. No. 567 A, water from distributor 6.32 c.c. oxygen 

'' '' 569A, '' '' inlet 5.83^' 

'' '' 568A, *' '' lime-saturator 5.87'' 

'' '^ 570A, '' '^ pure-water reservoir 5.83 '^ 

* Later Breda has used an air-stirring apparatus by which the water 
flows in a tipping-chamber and by the turning over of the latter air is carried' 
along through the outlet-pipe. Harris Anderson has also used air. 
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There has therefore taken place no absorption of oxygen 
by the water, but, on the contrary, a decrease in the oxygen 
strength has occurred. 

The water in the distributor was drawn from a depth of 
about 3 meters below the upper surface of the water in the 
well. 

The water taken from the surface of the water in the well 
contained only 4.9 c.c. oxygen, and this water had stood for a 
very long time. 

The air contained in the water, to which condition has 
been attributed the corrosive action on the iron, will there- 
fore not be increased by the use of an air-stirring device. 

The harmlessness in this form of admitting air is shown 
also by the fact that no unfavorable experience has occurred 
yet in this respect in the operation of large pumps. 

If this method of mixing with air were harmful, how much 
more harmful an action on boilers would be caused by a brook 
water, where a mountain brook, whose water falls over rocks 
again and again and thereby becomes more and more mixed 
with air and the water richer in air, is used, but experience 
shows this is not the case. 

Therefore no objection can be raised against this way of 
stirring with air. 

The carbonic acid of the air will unite with the lime and 
therefore this tendency of introducing air into the water and 
into the boiler has no harmful results. 

The Uberated air of the tank in the stirring-space will be 
freed in the upper part beneath a wide funnel and escape 
through a pipe leading from the top of it. 

The lime-charge issues, either from the upper end of this 
pipe, or the lime is forced out of a special closed lime- vessel 
by means of a corresponding quantity of water. 

In all the cases given above, the clearing of the lime-water 
occurs during the gradual rise of the entering liquids in either 
rectangular or cyUndrical tanks, whose bottoms are either 
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conical or funnel-shaped or in slender conical tanks, so that 
thorough and easy removal of precipitate will be secured. 

In this type of saturator the lime particles washed up 
must fall back again. 

The wider, the greater, and the higher these clearing-tanks 
are in proportion to the quantity of water passing through, 
the quicker and more continuous will the clearing be. 

If by long-continued operation, even in very high tanks, 
the exhausted as well as the still useful lime is carried to the 
top, the strength of the cloudy lime-water flowing out will 
be higher in calcium hydrate than 1.2 grams per Uter. There- 
fore in such cases corresponding precautions must be taken in 
order to obtain the delivery of a uniformly effective lime-water. 
To make a continuous and regular operation possible either 
a large lime-chamber must be used allowing a length of time 
for the water to pass through proportional to the length 
of time the plant operates, or several lime-chambers must 
be used, placed one behind the other, in which the particles 
of lime carried along will settle (which is not very economical), 
or two lime-saturators must be used alternately), or a lime- 
saturator should be so arranged that an- alternate clarifica- 
tion and a continuous outflow of lime-water could take place 
from it. 

In the following sketches (Figs. 24, 25, and 26) is shown a 
working Ume-chamber, very effective, open at the top and 
with an air-stirring device, described as follows: 

It consists of a chamber which is divided in two parts, 
(/, //) by a partition reaching not quite to the bottom. In 
the middle is placed a pipe, at the top of which is a funnel 
(KJ, and at the bottom a funnel (L) for an air-outlet, and 
in it is placed vertically the movable pipe {KiSi). The fun- 
nel is separated from the middle pipe by a screen bottom- 
plate (6). In this funnel is placed the lime-paste. 

The lime-chamber holds a quartz filter Kf on top, and in 
middle space plates K^ are placed obliquely. The lowest part 
forms a precipitate-chamber Kr, Into this the pipes 74, 
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Fig. 24. 
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Fe connect from below, which convey the raw water neces- 
sary for the preparation of the " lime-water." 

With the latter will be carried in a certain quantity of 
air, which disengages itself in the bottom of the precipitate- 
chamber and by its rising causes a great agitation. 

The rising air will pass through the obUque defflecting- 
plates Lf placed in the precipitate-chamber, to the air-outlet 
funnel L on the lower end of the middle pipe, and then rise 
through this central pipe. 

A deflecting-plate Lp is provided on the bottom of the 
pipe KiSi so that the air cannot enter the 
same and escape. The air is now compelled 
to rise in the central pipe through the screen, 
plate h and then to pass through the Ume- 
paste placed in the funnel K^, The latter 
is continuously stirred up by this means. 
In consequence of the agitation thus effected 
it flows gradually down through the large 
pipe. The necessary lime thus reaches the 
lower part Kr of the lime-chamber and, 
being kept here in continual agitation by 
the rising current of air, will be finely 
divided, so that the water will be com- 
pletely saturated with lime. 

By the agitation and by a stream 
of soda-ash or water from the pipe & 
as well as W2 a slight excess pressure will be caused, 
which forces the lime down to the stirring-apparatus. If the 
soda solution is not brought to the lime-agitating apparatus, 
the raw water, carried to the point of mixture with the lime- 
water, passes through the pipe 82, Ki, Si. The entering water 
then flows through the pipe W2 from a tilting vessel (as we 
will see later). In Figs. 27, 28, and 23 is shown the arrange- 
ment of a three-way cock for the working-chamber, washout- 
place, and lime-receptacle (marked ai, a2, as, respectively). 

The distance and the time in which the cloudy particlea 




Fig. 25. 
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Fig. 26. 
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sink down, will be diminished by means of easily removed 
plates Kk placed at an angle of 45° at half intervals (see Fig. 30). 
The clarification will be assisted by these, as the flow of pre- 
cipitate sinking down and the rising pure water cannot oppose 
each other. 




Figs. 27-29. 



Fig. 31. 



The possibility of a continuous clear discharge of lime- 
water with a single lime-tank and a continuous operation, for 
ten hours for example, is only secured when the clearing 
height of the Ume-tank is not too small and when the 
velocity of the rising current of water is not too great. It is 
especially recommended that the clearing height be 3 meters 
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and the velocity of the rising current be .2 mm. per second at 
the minimum. 

By Ume-tanks placed in series (Fig. 31) the velocity of the 
rising current may be .4 mm. per second, if care is taken 
that the liquid undergoes just as many inversions as there 
are tanks, as then the suspended particles on account of the 
velocity will be reduced to nothing. A greater part of them 
remain behind at each inversion and are not carried on. 

By alternating the direction of passage and with a suffi- 
cient height of the tanks (3 meters or thereabout) a velocity of 
current of .5 to .7 mm. per second may be used to secure a 
continual clear discharge of lime-water. 

By an alternating treatment of the water in one or in two 
lime-tanks or lime-compartments when quiet a more rapid 
clarification is obtained than if the water is flowing con- 
tinually. 

This simultaneous changing of the direction of passage of 
the water in two compartments, respectively, is shown in the 
tilting-vessel constructed by Wehrenfennig in the year 1895. 

The tilting-vessel (Fig. 32) is an apparatus the purpose 
of which is to alternately take away from these compartments 
I and II the lime charge formed in the lime-tank, or to alter- 
nately cause the discharge from two lime-water tanks. 

By this method the lime-water to be added, besides being 
always in one compartment, is still, and therefore clarifies 
quickly. 

The tilting-vessel alternately lifts and lowers the movable 
outlet-pipes H2 and H4 conveying the water to be added from 
above the gravel filters, and out of both spaces of the Ume- 
water tank, so that lime-water may alternately flow away 
irom each space. 

This alternate raising and lowering of the flexible pipes 
II2 and H4 will be caused by the two chambers B and 5, fastened 
to the ends of a double lever, and with the outlet-pipes, by 
means of wires, being alternately filled and emptied of water. 

The filling occurs through the turning over of an open 
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prismatic tipping-yessel H by the inlet of water through the 
pipe Hi at regularly determined intervals.* 

According as the vessel turns over quickly to one side 
or the other, and alternately empties out its contents into 




Fig. 32. 

either receiving-vessel B or B, and as these become alternately 

heavy, the pipes raise or lower themselves in a similar manner. 

The variation of the direction of the turning over will be 

controlled according as the entering water flows from the 

* Tipping-tanks of this description were later used by Breda for the 
division of the soda-ash. 
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pipe Hi through a cock over the middle of the tilting-prism 
alternately into either of the basins n' or n" fastened on either 
side walls of the prism, from which the tilting-chamber receives 
a corresponding overweight, causing an easy dipping to one 
side or the other. By this means the turning over will take 
place quickly from one direction to the other. 

From the alteinate admission of water it follows that it 
will be conveyed into two vessels attached to the double lever, 
and from the outlet cock by means of small pipes into the 
small cups t^ and f' shown, and through pipes 1 and 3 into 
the corresponding basin of the tilting- vessel. The cock, through 
which the water enters, should be so adjusted that the til ting- 
vessel will turn over every 20 to 25 minutes. 

As the turning over takes place very quickly, in order to 
prevent the discharge of the water to be added splashing 
out, it is allowed to flow out slowly through the open drain. 

If the operation and attendance of the Ume-tank is to take 
place from the ground level, then it must be completely closed 
(see Figs. 17 and 18) 




Fig. 33. 



With such a closed lime-tank the tilting-vessel wlD be 
necessary for the operation of a stirring device, which will be 
placed in the entering current of water to the Ume tanks. The 
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til ting- vessel will be connected with this stirring device from the 
double lever. The stirring device 'H2 is shown in Fig. 34 to 
a somewhat larger scale and causes the reversal of the water 
entering the Ume-dividing tanks and the lime-saturating tanks. 
It is to be noted that the water for dissolving the limo 
should have only the usual temperature, since the lime is less 




Fig. 34. 

soluble at higher temperature than at the ordinary tempera- 
ture. According to A. Lamy the percentage of calcium hydrate 
soluble is 

.143 .1384 .1344 .1195 .1033 .0885 .0584 
at a temperature of 

0° 10^ 15^ 30^ 45^ 60^ 100^ 

C. Preparation of the Soda-ash to be added. 

For the preparation of the soda solution we use usually 
only calcined or ammonia soda having a soda strength of 96 
to 98%. 

The storing of the soda must be don^ in dry rooms in 
closed tanks. 
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While we bring the necessary raw water in direct contact 
with the lime for the preparation of saturated, clear, uniform 
lime water and can even cause an excess of lime, it is not possible 
to produce a soda solution of always uniform strength if we 
allow the raw water to flow through the soda in the same 
manner as with the lime, as the water will dissolve different 
amounts of soda, according to the temperature and amount 
of soda present. 

The soda must therefore be dissolved in the usual manner 
by dissolving a determined weight of soda (crystallized 36% 
or calcined ammonia soda about 98%) in a definite quantity 
of raw water. 

A stirring of the soda with the water is not necessary, 
according to the experience of the author, if we spread out the 
isoda imiformly on a fine sieve and allow it to be moistened from 
the water standing below. 

By this method the heavy soda solution sinks to the bottom. 
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Fig. 35. 
forcing the unsaturated water to the top, where it then takes 
up soda. This automatic cycle continues until the whole of 
the soda is dissolved. By this economical method an absolutely 
uniform solution is obtained without hand-mixing. 

In the usual early method, the solution of the soda was 
made by placing a perforated crate of soda, through which the 
water passed, on the bottom of the soda-tank, but with this 
method it cannot be dissolved without stirring. 
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The soda solution will be alternately prepared in two troughs 
Si and Si (Fig 35), in which the expensive crystallized, the 
<5alcined, or the ammonia soda will be evenly spread out on 
the sieves and dissolved by the water standing beneath. 
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FiG. 36. 

The soda solution thus prepared flows to the open Ume- 
^aturator through a pipe Si into the chamber S^ of the soda- 
distributor. Into this dips the piston-shaped tank Sty which 
is connected on either side with the water-chamber Sy,, 

The proper quantity of water flows from the distributor V 
(Fig. 12) through the pipe 8, which according to calculation is 
equal to the amount of soda solution necessary to be added to 



110 ANALYSIS AND SOFTENING OF BOILER FEED-WATER. 

the lime-water, and, as we previously remarked, is only taken 
from the distributor V to accomplish this work. 

In proportion as the interior of Sw is filled by this water 
it sinks, drawing down the piston Sty and the latter forces 
a similar quantity of soda solution out of S„ through the pipe^ 
Se to the lime tank (Fig. 26), in which it mixes with the Ume- 
water. 

We may also use with advantage the following soda measuring^ 
apparatus (Fig. 37), in which the quantity of soda solution 
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Fig. 37. 

(caustic soda solution) flowing through it is dependent on the 
amount of raw water flowing over the distributor. 

This soda-measuring apparatus begins to flow almost at 
the same time with the overflow of water; by the stoppage of 
the overflow it ceases to flow. Besides, in practice the increasing 
quantity of water flowing over causes a similar increase of soda 
discharge, so that at all times the quantity of soda flowing out 
is proportional to the quantity of water flowing in. 

The theoretical principle, by which this action is obtained. 
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IS that, with the same head and the same outlet open- 
ings, equal amounts of discharge will be obtained. The pre- 
viously mentioned apparatus is based on this principle, and 
must fulfill the further condition, that the quantity of outflow 
of the soda must be dependent on the position, at any time, of 
the surface of the water in the soda-tank. 

These conditions cause the production of a solution, as will 
be described : 

The distributing apparatus consists of the receiving vessel A 
shown with a valve in the bottom, which is connected by means 
of a float and levers with a float S^ to be found underneath. 
The float is placed in a fixed tank B with a fixed outlet pipe, as 
shown, and operates a pressure-regulator hose C, with which 
it is connected by three small rods, into which the soda solution 
flows from the soda solution collecting tank D through a flexible 
pipe ri, and from which it flows out through the flexible pipe r2, 
And the fixed discharge opening a. 

Working of the Apparatiis. 

The water flowing out of division 3 of the water-distributor 
collects in the vessel A until the weight of the vessel, together 
with the water, becomes so great that the vessel sinks, the 
valve-rods push on the top of the raised float through the 
levers, and cause water to flow into the tank B, By this the 
surface of the water rises in the tank B without loss of time, 
and the float takes a correspondingly higher position on account 
of the filUng of tank 5, which after a few minutes will be made 
constant by the valve remaining open, and result in a discharge 
•corresponding to the head and area of the discharge opening. 
With the raising of the float the pressure-regulator C hanging 
from it is raised, and the soda solution is brought to the dis- 
charge. 

As there is a float with levers in the pressure-regulator, 
which, rising with the rising surface of the soda-solution, shuts 
off more of the outlet opening from the soda-collecting tank, 
or by the lowering of the surface opens it more, and the level 
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of the soda solution is a constant one for all ratios between 
the different positions of the soda solution in the collecting 
tank and the pressure-regulator chamber. As the outlet of 
the pressure-regulator hose is fixed, and the pressure-regulator 
hose will be raised to the same height as the upper float, the 
heads in both chambers theoretically must be absolutely equal, 
and therefore the quantity flowing out of the water-chamber 
be exactly equal to that out of the pressure-regulator. But 
on account of the friction in the lever arrangement, on account 
of the incomplete flexibility of the hose, etc., the float in the 
water-chamber lags somewhat behind the rising of the water 
in the water-chamber, and therefore the head of water in the 
water-chamber will always be greater than the elevation of 
the float itself. Therefore the area of the soda outlet open- 
ing must always be somewhat greater than that of the water, 
and this is accomplished, in the usual form of the apparatus^ 
by a corresponding restriction of the outlet opening a. 

Adjustment. 

The adjustment of the apparatus is made in the following 
manner: The weight of the float and that of the pressure- 
regulator hose is made somewhat greater than that of the 
bowl. The point of admission will be found first by waiting 
until the float apparatus floats of its own buoyancy, with no 
discharge from the water outlet; by this will be ascertained 
the proper height for the soda outlet opening. The valve- 
spindle is to be so placed that the valve will be opened the 
minute as much water runs into the bowl as will cause the 
corresponding head in the float tank. 

To the apparatus will be added three pairs of outlet plates, 
of which the pair with the greatest hole is to obtain the maxi- 
mum outlet, the second for the medium, and the third for the 
minimimi quantity. Each pair of plates permits a variation 
of 20% in the quantity discharged, and with perfect accuracy. 
For a greater variation the pairs of plates are changed. 

A similar type of soda-distributor, dependent on the quantity 



THE ACCOMPLISHMENT OF WATER PURIFICATION. 113 

of water flowing over the edge of the distributor, is shown in 
Fig. 38. 

The soda will be dissolved in the vessel >Si and let flow 
into' the vessel Sv placed underneath. 

The water falUng from the distributor enters the vessel 
Wy and flows out of this through a correspondingly narrow 
pipe. By a greater or less inlet, the float in this vessel raises 
or sinks. 

This float is so connected by a chain over rollers with a 

8^ TV 
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second float in the vessel S^, and a flexible hose that, during 
the passage of the soda solution, it flows out under the same 
head all the time. 

If the inflow from the distributor ceases, the float in the 
vessel W sinks, the water flows through the discharge outlet, 
which is always open, and the flexible hose is raised so that 
no more soda flows away. 

Besides the above-named soda-regulating devices, which 
cause the definite mixing of the raw water and reagents, there 
remain those in which a tilting-vessel operated by a part of 
the raw water is used so that, every time it turns over, a cer- 
tain quantity of soda solution is scooped out. 

There remains, too, the closed apparatus where we pre- 
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pare the soda-solution on the ground floor below, and then 
raise the latter up in the following manner (see Fig. 39) . 

The soda-solution, prepared in open vessels, will be admitted 
into the closed vessel S^ by opening the cock Sa* After the 
closing of the cock Sa, as much water will be let down from 
the distributor F, shown with the deep bottom, into the some- 
what larger closed vessel S^ alongside, so that the air, which 
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Fig. 40. 

is in both vessels (entering from another opening), causes a 
pressure corresponding to the column of water h. 

If now the water, flowing over the distributor at 3, 3, flows 
into the air-vessel Sy, through the pipe 8, a similar quantity 
of soda-solution will flow out through the pipe /S2. 

In Figs. 40 and 41 are shown the necessary vessels for 
the distribution of the soda, and in Fig. 40 the air-chambers 
are separated from the lime vessels; in Fig. 41 they are shown 
in connection with the lime-vessels. 
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D. Preparation of the Charge of Caustic Soda and Lime-water. 

If the raw water is to be treated with a mixture of caustic 
soda and Ume-water, which is of advantage where great quanti- 
ties of lime-water would have to be used, the soda-ash solution 




Fig. 41. 

must be conveyed to the lowest part of the lime-vessel. It 
forms here caustic soda, and the rising water contains a mix- 
ture of caustic soda and lime-water, which may be used direct 
as reagent water. 

But as the presence of caustic soda in lime-water makes 
the solubility of CaO more difficult, and the lime-water will thus 
be made less effective the more caustic soda there is contained 
in the water, moreover, as the control of the lime and the 
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caustic soda-strength in the mixed water is not so easy as 
when the lime-water and the soda-solution can be tested by 
itself (each solution by itself), — ^we abstain from the higher 
soda requirements (above 5°) first used by Von Stingl, who 
favored these, with good results, but still causing too difficult 
methods of preparation, and treat with separate solutions, — 
lime-water and soda-ash. The only advantage the addition 
of soda-ash to the lime-water has is that the clarification of 
the reagent w^ter is better and more continuous, because a 
great deal of precipitate is formed by the mixing together of 
lime-water and soda-ash. 

£. Preparation of Caustic Soda. 

Treatment with caustic soda alone can only be used with 
such waters as may be grouped together under Case 2. 

As commercial caustic soda is too dear and not pure, con- 
taining as it does some soda-ash, the caustic soda is prepared 
by bringing together at intervals the lime- and soda-ash in 
the desired proportions in two troughs, and with the solu- 
tion-water in a heated condition. 

If the causticization (as the conversion of soda-ash to 
caustic soda is called) takes place in a cold condition, the 
precipitate created as CaCOs will be extraordinarily volumin- 
ous. It would cause, therefore, the loss of a great quantity^ 
of soda-ash in the refuse. 

If there is no possibiUty of previously heating the solution^ 
commercial caustic soda must be used. 

The test of the purity of this caustic soda as to soda- 
ash is made by pouring hydrochloric acid in a test sample of 
the caustic soda. If the Uquid effervesces, some more lime^ 
must still be added. 

Theoretically we may take 1/2 kg. CaO to 1 kg. of 
100% soda-ash to produce caustic soda; but as the CaO 
is cheap, and as the lime is depended on to produce com- 
pletely causticized soda, take 1 kg. burnt lime to make 4 
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liters of thick dissolved lime per 1 kg. of calcined or ammonia 
soda. 

With water, which must be treated with caustic soda, two 
tanks for the soda solution are necessary to maintain a con- 
tinuous discharge without interruption, and to maintain the 
strength of reagents. 

F. liixing of the Reagents with the Raw Water and 
Clarification of the Treated Water. 

In order to be able to accurately carry on the treatment 
of water, we will consider more closely the preceding methods. 

If, for example, the reagents necessary for its purification 
are well mixed with the raw water in a glass Uter-flask, large 
flakes will be seen to form after the first incipient cloudiness. 

The liquid in which these flakes float becomes opalescent. 
But by degrees these liquids clear themselves, and this clari- 
fication takes place first at the top surface. 

The flakes sink lower all the time; at the same time the 
opalescence of the liquid becomes constantly less, finally dis- 
appears, and^t becomes pellucid, while the precipitate adheres 
Jto the sides. 

After an hour the incipient loose and flaky precipitate sinks 
i;ogether into the smallest space and covers the bottom in thin 
layers, which are low or small, depending on the amount of 
loose magnesia precipitate it contains. 

The precipitate has now become crystalUne; it has the 
smallest volume and has acquired the greatest specific weight. 
The Uquid standing above it is now entirely clear, but has not 
yet reached the greatest softness desired. 

The above occurs during the first hour after the addition of 
the reagents in a cold condition. 

The alkaUnity of the pure water Ukewise diminishes during 
the first hour. Both these facts are an evidence that, after the 
first precipitation of material, an after-reaction occurs, and that 
therefore the purifying process must be given a certain time, 
in order that the precipitation may be made the most complete. 
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The so-called rapid filters therefore may take out the heavy 
precipitate very well, but cannot prevent the incrustation of 
the pipes which carry away the treated and filtered water. 
In order to prevent this occurrence, a period of more than three 
hours is absolutely necessary. 

The clearing tank of the water-purifying apparatus should 
therefore be designed with the greatest possible volume. 

Also the shape of the tank has an influence on the rapidity 
of clarification of the water being treated. 

In a narrow and high tank, the early voluminous precipitate 
cannot settle down as easily as in a shallow and broad settUng 
tank, because the water particles aheady purified cannot so 
easily make way for those coming down from above. 




Fig. 42. 



This is best shown if we incline a settling vessel. There 
then occurs a downward current of precipitate (N) and a rising 
current of the purer water (a), causing an easier separation 
of the one from the other. 

This behavior of treated water has led to the emplojnnent 
of movable plates obliquely placed. 

A very considerable shortening of the time of clarification 
will often be effected by warming the raw water, by having the 
water fall over plates in a closed chamber, and by passing Uve 
or exhaust steam through it. 
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This procedure is only possible where the water require- 
ments are small. 

At most railway water-stations, the quantity of water to 
be purified is usually so great, and the amount of steam required 
for the purpose so great, that it cannot be heated before treat- 
ment. 

One important modification of the clearing process occurs 
when the additions to the raw water are made under a high 
head of water, as the water pressure brings the particles nearer 
each other and thereby aids the chemical action. 

On this account the use of high clearing-tanks, in which 
the mixing of the reagents with the raw water takes place 
s,t the bottom, is of advantage as compared with shallow and 
broad settling-tanks. 

It will be further noted that waters which contain large 
quantities of bicarbonate of calcium and calcium compounds 
clear quicker than those which contain bicarbonate of magnesia 
or gypsum. 

This is shown by the following consideration: 

In a water of 10° hardness (caused by bicarbonate of calcium) 
.356 grams of simple carbonate of calcium per liter is precipitated 
by purification with caustic lime. 

From a water of 10° hardness (produced by bicarbonate of 
magnesia), on thecontrary, only .178 gram of simple carbonate 
of calcium per liter is precipitated by caustic lime. The plain 
magnesia carbonate remains partly soluble in water. This 
-can only be removed by a corresponding excess of caustic lime, 
Bnd comes down as a precipitate composed of .356 gram calcium 
carbonate and .103 gram magnesimn hydroxide. But, as in 
water purification the addition of such an excess would make the 
ivater too alkaline and often impossible for use, we cannot cause 
a quick clarification in this manner. 

From a water of 10° hardness (produced by gypsum), like a 
ivater containing bicarbonate of magnesia which was not treated 
with an excess of caustic lime, barely .178 gram of plain cal- 
cium carbonate falls as a precipitate. 
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In the customary treatment of water, the strength of the 
water in bicarbonate of calcium also makes a difference in the 
clarification. 

Very hard waters, if they are treated with the proper re- 
agents, clarify themselves much quicker than waters which, 
while containing some scale-forming matter, are yet relatively 
soft. 

The clearing ot waters under 14° hardness will always be 
prolonged. But it may be hastened, if the mixture of the raw 
water with the chemicals is carried through old precipitate, or 
if an artificial precipitate such as pulverized chalk or pul- 
verized brick dust is introduced. The latter method was sug- 
gested by Engineer Breyer. 

It is very advantageous to have the additions to the raw 
water brought together at one spot, so that all precipitants, 
the Ume-water with the soda and the precipitates, which both 
these cause in the raw water and the caustic soda formed, 
meet at one place, because, by doing this, the quantity of 
precipitate will be increased and the strata of precipitate be 
thicker, and this will form a natural filter for the treated water 
passing through. 

The best possible mixing of the reagents with the raw water 
also causes an acceleration of the clarification. It is there- 
fore recommended that stirring devices be used. 

The preference, of course, will be given to stirring devices 
operated by manual labor or by machinery, and this includes 
the stirring devices previously described as being used for the 
preparation of the lime-water. 

It is also very important for the clarification of the water 
that it be completely at rest during the clarification, or that 
it rise with the least possible velocity. 

While, as mentioned, in many cases the first precipitate 
falls very rapidly (about .2 mm. per second), the fine precip- 
itate formed later sinks to the bottom very slowly (about 
.01 mm. per second). Therefore, in case a continuous stream 
of water is to flow through the water-purifying apparatus, 
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the velocity of the rising current should not exceed .2 mm. 
per second. 

In this case only a small amount of precipitate will be 
carried on to the filter, and the latter will be effective for long 
periods without back-washing. 

In water-purifying plants, which work on the settling prin- 
ciple, the mixing of the raw water with the reagents will take 
place alternately in two or more large tanks. 

In water-purifying plants which are continuously operated, 
the water must either be allowed to flow very slowly through 
the vessels, or the water must be alternately passed through 
two chambers, in such a manner that, as it flows through, it 
will be alternately relatively at rest in each space. 

Clarification takes place in a shorter time in still water. 
This time can be still further shortened by the insertion of 
oblique plates on which the particles of precipitates sink down 
through shorter distances. 

The reversal of the current of water from motion to rest 
may be effected by the tilting-vessel already described. 

A reversal of the inlet water by hand into two clearing- 
vessels has been already effected by the use of the tilting-vessel 
of Von Richling. 

If the open oblique plates mentioned are so placed that 
the distance in which the precipitates are formed is in a 
definite ratio to the velocity with which the precipitates fall; 
if the falUng precipitates can avoid the rising pure water, as 
is possible, according to Figs. 30, 42, whether the water in 
both systems of oblique plates is at rest or in motion; if the 
dimensions of the vessels are great enough; if the water is pre- 
viously heated, or if it is mixed with the reagents under pres- 
sure; and if the water is not too soft, — then, if a uniform and 
properly measured quantity of reagents are added, the best 
purification may be expected. 
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G. The Mixing-place and Clarification Arrangement. 

Into the funnel-shaped wide-mouthed mixing-place M enters 
tiie inflowing raw water through the pipe W\j as well as the 
chemical water pumped through ki ; the chemical reaction begins 
immediately. 

1 




Fig. 43. 



The calcium and magnesium compounds and the carbon- 
ate of ferrous oxide will precipitate as calcium carbonate, 
magnesium hydroxide, and iron oxyhydrate. 

By rising in the broad reservoir M the water clears itself, 
but is not yet so it can be used. Now the previously purified 
water entirely clear is admitted to the reservoir /2, and a decant- 
ing device, U\,U\, is used, so that the contents of both reservoirs 
may be used for the delivery of pure water. 

This consists of a decanting-pipe, t/i, taking the water out 
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of compartment M near the upper surface, which rests on the 
hinged guide L, which is provided with two floats, a descend- 
ing pipe Usf a wood-fibre filter F, a rising pipe U2 connecting 
with the decanting -pipe U^ in the reservoir B, 

The end of the guide, provided with floats, on which the 
drain pipe Ui rests, and the drain-pipe U^f are connected with 
a chain, 1, over rollers, which is always stretched by the weight 
of the pipe U^- 

Both decanting-pipes will therefore be governed by the 
pair of floats shown in M and rise and fall with these. The 
mouth of the decanting-pipe in R lays about 140 mm. below 
the surface of the water in reservoir Af , therefore the water 
taken out of R can always be replaced again -from M. This 
head is also sufficient to let out the entire quantity of water 
through the pipe, guide, and filter composing the decanting 
device. 

The head is regulated by means of turn-buckle X, other- 
wise it is unchangeable and depends on the water taken. By 
pumping out reservoir M to the bottom, no precipitate will 
enter the decanting-pipe Ui, because when this water is drawn 
out the open end of the pipes comes above the water while 
the floats remain in it. 

This draining out is effected by a wire rope 2 with a ring 
which hangs from a fixed hook h. 

If now the rising water rises so high that the guide with 
the floats reaches and raises the elevated decanting-pipe, the 
roller rope 2 slackens, the ring swings itself free from the hook /i, 
the decanting-pipe now rests freely on the guide L, and the 
overflow into reservoir R begins without further help. 

After each* withdrawal of water from R the water taken 
out is replaced by the stream flowing from ilf, the surface of 
the water remains the same until both reservoirs are empty, 
when the water must be pumped in again. 

The filter F is a cylindrical-shaped wood-fiber filter. The 
entrance of the water to be clarified takes place below the 
layers of wood fiber, while the discharge occurs from the top. 
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If sand-filters are used the difference in head between the 
surface of the water in M and the outlet opening of the pipe U4. 
must be correspondingly greater. 

A pure clear water of 4° hardness was obtained in a small 
•experimental apparatus, in which the distance between the 
obUque glass plates used from each other was 10 mm., in which 
the velocity of passing was .2 mm. per second, the quantity 
of liquid passing through was 20 liters per hour, and the area 
through which it passed 100 sq. cm., while the same watei 
in a Berenger apparatus when the discharge was clear could 
only be brought to a softness of 11° to 12°. 

When we tried to get a greater softness, 7° 'hardness for 
example, the water was not clear. 




Fig. 44. 

In this Ismail apparatus the thickening of the precipitate 
seemed to have especially influenced the clarification. 

It was apparent that the water rising between the oblique 
plates, which was wholly turbid below the entrance to the 
plates, was changed by its entrance to the space between 
the latter, because the distinctly turbid middle layers and 
the entirely clear side layers flowed in opposite directions in 
the neighborhood of the plates. 

After flowing through the oblique spaces a longer time, 
the entire quantity of water passing through became turbid. 
After a short period of quietness, which was accomplished 
intermittently by a tilting-vessel operating every 25 minutes, 
the water in the oblique plates was entirely clear, and it 
appeared as if the thickening of the precipitate was influenced 
hy the small distance of the obUque plates from one another, 
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and that the attraction of the plates had played an impor- 
tant r61e. 

The precipitates were easily washed out by the draining 
off of a sufficient quantity of water. 

Perhaps a way is pointed out by this experiment by which 
we can accompUsh a complete clarification of turbid Uquids 
without filter material. In this case we would lay the obUque 
plates very near one another, and have a very convenient 
washable and indestructible filter. 

But for water-purifying plants such a filter would be too 
large and too costly. 



CHAPTER IX. 

REVIEW OF THE DEVELOPMENT OF WATER-PtJRIFYING 

PLANTS. 

Before entering on the description of the more recent 
^ater-purifying plants, it is advantageous to take a look back 
over the development of water-purifying. 

The first man who sought to purify water was an English- 
man named Clark. 

This celebrated EngUsh chemist in the year 1841 con- 
ceived the thought that water could be purified of its bicar- 
bonates by the use of milk of lime. 

But in most cases he could not obtain a satisfactory result, 
because the greater number of his waters also contained 
bicarbonate of magnesia, on which the milk of Ume was 
effective only when in excess and then only partially. 

Also by his treatment it was not possible to precipitate a 
water containing gypsum. 

The investigations of de Haen, Nolden, and Bohlig which 
took place later, to free water by chemical means of its scale- 
forming matter, were only accompanied by a partial success, 
as the chemical additions did not correspond to the nature 
of the water. 

The Austrian Hungarian State Railway Company gave every 
attention to water purification, as they used chemical prepara- 
tions for making boiler-scale rotten before the year 1864; later, 
and, indeed, until the year 1864, the water exclusively for loco- 
motives was previously heated by means of Schau'schen and 
HaswelFs apparatus and since 1866 the method of L, Mader- 

127 
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spach, chemist and chief engineer for the Imperial Government 
of the Austrian Hungarian State Railway Company in Orawicza, 
has been used at the steam-mill in Roman-Orawicza with sat-^ 
isfactory results. 

The method of L. Maderspach for the purification of water 
consists of treating the warmed water with caustic lime (in 
the form of milk of lime) according to its temporary hardness, 
and with soda-ash according to its permanent hardness. 

Maderspach caused the precipitation to take place in three 
reservoirs placed one above the other. 

In the year 1872 he saw the advantage of filtering the 
water after his treatment, as he could then accomplish his 
purpose with one reservoir and greatly shorten the period of 
purification. 

Berenger,* inspector ' of the Austrian Southern Railway 
Company, likewise recognized the advantage of filtration and 
used it in his first water-purifying plant in 1859 at the Model- 
ing Station of the Southern Railway. For the treatment of 
the water he first used no soda, but only caustic lime and in 
the form of lime-water. 

But later he, in company with the Austrian chemist Stingl,. 
approached nearer to the question of water purification; in 
1874 he made use of both caustic lime and caustic soda in 
dissolved form (Austrian patents of the 18th XI), and later 
in the year put their method in full operation, both theoretic- 
ally and practically. 

Since the year 1878 the methods of Berenger and Stingl \ 
have been used by all railroads, and if the later water-purifying 

* Jean Alexander Berenger, bom Aug. 15, 1825, at Thain (Department of 
the Drome), studied at the ficole Centrale in Paris, was from 1853-55 direc- 
tor of the Lead Works in Stolburg (Westphalia), 1855-57 manager of 
the Septem Machine Works at Marseilles, 1857-60 civil engineer in Paris; 
became engineer for the Southern Railway, May 1, 1860, and inspector of 
the Southern Railway on pension in 1880. 

t Johann Stingl, bom April 28, 1842, in Luck, near Carlsbad, in Bohemia, 
studied in the Vienna Polytechnic, where he was later instructor. From here 
he came to Czemowitz, and was then stationed in Bielitz with the title of 
Member of Council. He killed himself on Aug. 7, 1891. 
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plants treat by means of lime-water and soda -ash instead of 
lime-water and caustic soda, as was used by Berenger and Stingl,. 
still this does not change the importance of the method of 
treatment as given by Stingl, by which the water was treated 
according to its chemical characteristics with a clear solution 
of lime-water and caustic soda, relatively with caustic soda, 
and soda-ash or with a solution of caustic soda alone, as in 
the end the soda-ash formed from the caustic soda and the 
carbonic acid of the bicarbonates always acted on the gypsum. 

Just as these chemical principles of StingFs were the founda- 
tion for the chemical part of water purifying, so were Berenger 
and Stingl the pioneers in displacing the great settling-tanks 
of Clark with -their deceanting treatment used with filters, 
which to-day in different forms is still that generally used * 

The first water-purifying plants of Stingl and Berenger 
were : 
1869 in the Modling Station on the Southern Railway Company. 

1872 ' ' ' ' Belvedere Gas Works in Vienna. 

1873 '' '' Vienna Exposition. 

1874'' '' Florisdorf Jute Spinning Mill, the Voslau Yara 
Spinning Mill, and Caslau Station of the Austrian. 
Northwestern Railway Company. 

1876 ' ' ' ' Vienna Station of the Austrian State Railway Com- 
pany. 

1877'' " " '^ " " Southern Railway Company. 

1878" " " " " " Austrian Northwestern Rail- 

way and the Grazer Iron Ware Factory. 

The Southern Railway Company, the Imperial Railway 
Company, and the Austrian Northwestern Railway have 
greatly contributed to the development by building the first. 
Berenger and Stingl apparatus. 

Besides this the Austrian Northwestern Railway with 
their own staff have completely or newly erected types of 

♦ Weichmachen, Reinigen, and Klaren fur jeden Industriellen Zweck 
nach dem System J. A. Berenger and J. Stingl, Wien, 1878, Im Selbstverlage 
der Verfasser. 
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water-purifying plants in Caslau (1886), Zellerndorf (1887), and 
Josefstadt * (1891), which by the avoidance of special features 
make possible the purification of water in the simplest and 
cheapest way. 

The Austrian Northwestern Railway has given to their 
staff every facility and convenience for the special study of 
water analysis. 

As a consequence every one interested in the results obtained 




Fig. 45. 

is able, by means of a simple technical treatment of the water f 
with an hour's investigation, to calculate from the simple 
formulas of Kalmann, professor in the higher technical schools 
in Bielitz, the amounts of reagents to add for purification.^ 

In the accompanying sketches is shown one series of water- 
purifying plants installed by the Austrian Railway, and the 
improvement accomplished is evident. 

♦Encyclopedia of Railways, Dr. V. Roll, "Feed-water," Vol. VI, Figs. 
1581, 1582, 1583. 

t Organ fur die Fortschritte des Eisenbahnwesens, 1893. Uber die Un- 
tersuchung und das Weichmachen des Kesselspeisewassers von Edm. Wehren- 
iennig, inspector of the Austrian Northwestern Railway. 

t Eisenbahntechnik der Gegenwart., Vol. II. 
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Fig. 45 shows the first water-purifying plant built accord- 
ing to Berenger's system at Modling Station of the Southern 
Railway, in which lime-water was injected by a pump into the 
ascending pipe and the treated water was passed through a 
collecting tank and simple pressure-filter into pure-water 
reservoir. 

The pressure-filters consist of (see Fig. 46) a closed cylin- 




FiG. 46. 

drical vessel with the two convex heads as shown, and filled 
with filtering material below which is placed a sieve. 

The filtering material consists of shavings alone or else two- 
thirds of the latter and one-third coke. 

Fig. 47 shows the later improved water-purifying plant built 
by the Austrian Northwestern Railway after Berenger's sys- 
tem at the Caslau Station. 

While at first the lime-water was injected into the pipe 
under pressure and passed through a mixing-chamber and two 
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pressure-filters to the reservoir, in more recent times in order 
to dispense with tedious manipulation the pressure-filters were 
removed and the decanting method used. 

In this the turbid mixed liquids are first carried to -the 
bottom of a high reservoir where they are cleared by rising 
slowly and then overflow into a second reservoir as pure water. 
• Up to 1886 the treatment was made with lime-water only, dnd 
since that date the water has been treated with a mixture of 
lime-water and caustic soda. 




Fig. 47. 

The lime-water is produced with the help of a stirring 
apparatus. 

The first plant of the Austrian State Railway Company at the 
Vienna Station in the year 1874 (Figs. 48 and 49) was equipped 
with pressure-filters similar to those at Modling and Caslau 
Stations which were placed on the floor of the machine house. 

With this arrangement the raw water was first conveyed 
by a means of a pump located outside of the house into a large 
air-chamber equipped with a pressure-gauge from which it 
passed to the point of mixture with the liquid reagents. 
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The mixed water now entered a roomy mixing-vessel and, 
through a wide collecting-pipe placed on both sides of the former, 
was brought to the pressure-filters. From these the filtered 
water rose (through a second collecting-pipe) to the pure- 
water reservoir. 

The reagent waters were prepared without machine agi- 
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tated apparatus in reservoirs placed alongside, and consisted 
of a mixture of lime-water and caustic soda. 

The pressure-filters were constructed after the Austrian 
patent of Berenger of the year 1873 with two sieve bottoms 
with wooden rings placed thereon. Between the sieves and 
above the same the filtering material was placed, consisting 
*of wood shavings and coke; the rings of wood were for the 
purpose of preventing the passage of unfiltered water between 
the sides and the screens; the coke served to hold back the 
chips which balled together. 

A complete renewal of the filtering material lasted from 
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four to five months; the top layers had to be washed out 
every two or three days. 

In the years of 1877 and 1878 Berenger built a continu- 
ously working apparatus after the decanting system patented 
on Oct. 7, 1876. 

But while the Southern Railway Company built an appa- 
ratus according to this system at their station in 1877, as in his 
former apparatus the manipulation still took place with pressure- 
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filters on the floor of the machine house. Berenger recommended 
to the Austrian Northwestern Railway an apparatus in which 
the reagents required by the water were added by means of 
pumps by a proportional inflow from tanks placed high up. 

Such a purifying apparatus of Berenger and Stingl is still 
used by Brand and LhuelUer in Brimn, in which the clari- 
fication takes place by repeatedly drawing out and finally 
filtering the water, and is shown in Fig. 52. It consists of 
the reservoir for the additions, Ume-water, and caustic soda, 
caustic soda alone, or caustic soda and soda-g,sh solution; c is 
the vessel for the discharge of the soda-ash, or for the prepara- 
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tion of caustic soda, d is the pressure-regulator, from which 
the descending reagent water flows uniformly. This is accom- 
plished by a float, which regulates the outlet opening according 
to the position of the water; e is the mixing-tank in which the 





S? 
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raw water mixes with the additions. The mixed water flows 
through a central pipe to the bottom of the high mixing-tank e, 
rises in the surrounding space, and flows in this manner up 
and down through the clearing vessels / and g into the filters h 
and iy filled with wood fiber. 
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In the mixing-cylinder e the precipitate rises in large flakes, 
in the clearing vessels it rises as finer bodies, and in ^ as very 
fine particles. These attach themselves to the wood fiber 
in the filtering-tanks, which must be washed from time to 
time. The greater part of the precipitate remains behind 
in the bottom of the tanks as a consequence of the change 
of direction and must be frequently drained out. 

In Fig. 53 the Berenger apparatus of this type is shown 
as installed by the Austrian Northwestern Railway. 

Instead of operating this apparatus, as was the custom 
at the time, by admitting the caustic soda to the Ume-water 
tank and then using the mixture produced thus for treatment, 
which caused incomplete causticization of the soda on account 
of the strength of the lime-water, and very injuriously affected 
the results of purifying, the author since 1885 has allowed 
the lime-water and the caustic soda solution to flow into the 
raw water separately, and since doing so has obtained a con- 
tinuously uniform character of pure water. 

The necessity for an efficient automatic Ume-saturator, 
which should not require to be set to work by hand stirring, 
caused the construction bureau of the machinery department 
of the Austrian Northwestern Railway in the year 1877, which 
at that time was under the management of Central Inspector 
Herr Ant. Elbel, to imdertake the question through Engineer 
Siegmeth, in such a manner as to automatically deliver the 
lime-water to the contemplated water-purifying apparatus. 
For this purpose Herr Siegmeth filled a high glass with lime 
and added a corresponding quantity of water to the same from 
below. With slow filling the milky Uquid in the lower part 
of this tube cleared itself, and the water at the overflow was 
foimd to be completely saturated and quite clear. 

The plan of the water-purifying plant was worked out on 
the basis of this experiment, and is shown in Fig. 54. K, is 
the Ume-saturator, M is the clear reservoir, R is the pm-e- water 
delivery reservoir. It is to be regretted that this project was 
not carried out. 
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It is regrettable that the discovery of the continuous lime- 
saturator, which was first produced in Vienna, was first used in 
Belgium under the name of Dervaux, and only later in Austria 
and Germany. But imquestionably the priority of this con- 




FiG. 54. 



struction, which since has made its way aroimd the world, 
belongs to the Austrian engineers Elbel and Siegmeth. 

Fig. 55 shows the arrangement of a water-purifying plant 
according to the Dervaux system, which consists of a clearing 
vessel Mf a measuring vessel VSy placed above it for the dis- 
tribution of the raw water and the preparation of the soda- 
solution, and a lime-saturator K,. 
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The raw water is pumped into the raw-water reservoir 
Wj placed over the purifying apparatus, and from this is 
conveyed to the latter. The pure water is collected in 
a reservoir /2. The great drawback is that with this plan a 
very expensive tower-shaped building must be erected and 
that the preparation with lime and soda-ash necessitates the 
lifting of them to a considerable height, prevented a quick 
introduction of this purifying apparatus for the water-stations 
of the railroads; in spite of this in a short time a series of these 




Fig. 55. 

plants in different forms have been built by the manufacturers. 
Several of the latter are mentioned later on. 

The purifying apparatus of Dervaux (Fig. 56) consists of 
a clearing-chamber D with cone-shaped plates placed one above 
the other and is either without a filter or with a wood-fiber 
filter as in Fig. 57a, or with a Reisert filter placed in the lower 
part as shown in Fig. 58. 

Above the clearing-chamber D is placed the distributing 
vessel, from which the raw water, lime, and soda flow through 
the properly adjusted cocks, P, 7, the siphon AT, and the pipe U, 
and into the clearing-chamber D through the pipe E. 

The water divides itself in the numerous clearing divisions 
GGj and flows out finally through the collecting-pipe A, while 
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the precipitate deposited on the plates slips down and sinks 
to the bottom, from which it is drained out. 

The preparation of lime-water takes place in the funnel- 
shaped lime-saturator >S, to which the water is admitted through 



Jfod Ootlat' 




Fig. 56. 



the cock V, and the milk of lime flows in at intervals from 
the space J, in which there is a solution of lime. 

The soda prepared in the space C flows from here into the 
vessel By the inlet being controlled by a float, as shown, and is 
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discharged from this by means of the siphon N into the pipe E. 
The siphon and the float in the vessel R are so united by a chain 




Fig. 57. 

over rollers that, by the sinking of the latter, the siphon-pipe 
is raised; the outflow of soda-solution is correspondingly dimin- 
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ished, and is completely stopped if the chamber R is 
emptied. 

A partial clarification takes place in the funnel-shaped 
enclosure, but a Reisert filter is better. 







Fig. 58 



The water-purifying apparatus of Desrumeaux (Fig. 59) is 
provided with spiral-shaped clearing-plates (N) (J), not only in 
the purifying-chamber but also in the Ume-saturator. 
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The precipitate will be removed from the space P by means 
of the valve /S, and out of the lime-tank through the valve U. 

The lime will be placed in the space R and be led through 
the sieve and the central pipe to the chamber below. The raw 
water passing through the valve D is conveyed by H into the 
hollow rotating stirrer and through this to the bottom, where 
it saturates itself as it rises in consequence of the agitation of 
the stirring-arms which are fastened to the hollow spindle, 
stills itself as it passes through the radially placed partitions 
and flows over the top. 

The agitation is accomplished through a water-wheel, put 
in motion by all the entering water. A float B operates an 
outlet valve which is placed in the soda vessel C 

After its passage through the wood-fiber filter 0, the water 
flows through the outlet T. 

The apparatus of Humboldt (Fig. 60) for lime consists of 
obUque plates and a wood-fiber filter, then the raw-water 
reservoir A, two reagent vessels B, in which lime and soda are 
mixed and out of which the reagent water flows from the clear 
upper siu-face by means of decanting-pipes. 

The vessel C contains three divisions. To the left enters 
the reagent water, to the right the raw water. 

The quantities are regulated by valves. The float and 
outlet valves maintain a constant water level. In the middle 
space of the vessel C the raw water is mixed with the reagent 
water, and the mixture then passes in a long zigzag course 
through the space D and the wood-fiber filter to the discharge. 

The apparatus must be extremely large, or else the velocity 
of flow ^dll be too high. 

The apparatus of Gaillet & Huet has obUque plates, similar 
to those of Desrumeaux, only they are not laid out as continuous 
spiral surfaces; besides, they consist of numerous tables, whereby 
the whole area of the clearing- chamber is used to better advan- 
tage. 

With the apparatus of Reinecken (Fig. 61) the slowest 
possible velocity of the rising ciurent is possible, and a good 
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precipitation takes place in consequence. On account of their 
large size they require no filter. 

The apparatus of Reichling (Figs. 62, 63) consists of two 
clearing-tanks with a heater, which may be dispensed with if 
the boiler-water is admitted into the purifying apparatus. 

Reichling uses the Rossel system of soda regeneration, which 




Fig. 61. 



Fig. 62. 



consists of introducing soda-ash to the warmed raw water, 
which, by its action on the bicarbonate compounds of lime and 
magnesia, is changed into bicarbonate of soda, by which the 
carbonate of lime and carbonate of magnesia are precipitated 
(page 41). 

Through heating, the bicarbonate of soda again changes to 
the plain carbonate of soda (soda-ash). New soda-ash is only 
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Fig. 63. 



148 ANALYSIS AND SOFTENING OF BOILER FEED-WATER. 




DEVELOPMENT OF WATER-PURIFYING PLANTS. 149 



required by the presence of sulphate of lime, chloride of Ume, 
and magnesia. 

In the apparatus of the City Purifying Company General of 
Wiesbaden (Fig. 64) the clearing-chamber is divided into two 




chambers by a middle partition not quite reaching the bottom. 
Above both these chambers is a shallow mixing-pipe in which 
the raw water and the reagent liquids are mixed by means of a. 
stirring cylinder. The mixture now flows into one of the two 
chambers, then downwards, allowing the precipitated material 
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to settle to the bottom, and rises gradually, clearing itself in 
the second chamber. The water thus cleared then flows out 
through a Krohnke filter. 




Fig. 66. 



The reagent chamber is placed above the clearing-chamber. 

The distribution of the amounts of water is effected by valves. 

Besides these water-purifjdng plants, there are a great 
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number of newer constructions being developed one after the 
other, varying Uttle in construction, in order to avoid the 
patented construction of Dervaux (the priority of which be- 
longs to Elbel and Siegmeth), but in all of which, with the 
exception of the apparatus shown in Figs. 65, 66, the chemicals 
must be lifted to a height above the clearing-chamber. The 
arrangement, accordmg to Dehne's system, permits the prepara- 
tion of the reagents on the groimd level. 

But this system requires a pump and frequent handUng 
for the removal of the precipitate from the filter-presses. 




^m^z^^mmMW^>' ^ 



Fig. 67. 

Purifying plants of this type are placed in the pressure 

line. 

The inconvenience of the preparation of the chemicals at 

a height above the reservou*, and the great expense of such an 

apparatus, caused the Austrian Northwestern Railway Co., in 

the year 1886, to build a water-purifying apparatus at one of 

their stations, in which the manipulation was possible from 

machine-room imderneath the reservoirs, and only cost $720.00. 

This arrangement is shown in Fig. 67. 

Before 1886 the lime-water was stirred by hand, since 1886 

by means of a sth-ring device driven by a steam-engine, and the 
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soda-ash added directly to the same for mixing. The caus- 
ticization was by these means made complete. The clearing 
of the water was effected, but always on the settling system. 

A separate pump forced the reagent liquid to the place of 
mixture. 

The clarification of the treated water took place alternately 
in each of the high reservoirs. 

But on account of the great and greater demand for pure 
water, the purifjdng plant after several years was no longer suffi- 
cient, because the water alternately entering the two reser- 
voirs for clarification had not sufficient time for clearing. 




Fig. 68. 

Therefore, in 1898, the apparatus shown in Fig. 68 was 
produced, which made it possible to produce twice the quan- 
tity of pure water deUvered without increasing the space 
taken up. 

In this it was managed that the two reservoirs were united 
with each other through a decanting apparatus and filter; the 
water mixed with reagents pumped into one reservoir was drawn 
out from near the top surface (because it was already very 
pure there) , and led into the second reservoir through a filter ; 
from here it is led to the outlet. 
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The lower ends of the decanting apparatus in both reser- 
voirs* are used as decanting-pipes, are connected by a chain 
over rollers, and maintain a constant head between the upper 
surface of the mixed-water reservoir and the outlet mouth 
of the decanting-pipe in the pure-water reservoir. 

On account of these connected pipes the filter cannot be 
washed to pieces by a sudden lowering of the surface of the 
water in the pure-water reservoir. 

The water distribution, instead of taking place by means 
of outlet-valves which are hard to regulate, is effected by 
means of a circular weir, in which the overflowing water is 
divided by partitions inserted in the annular space, according 
to the result of the analysis and the calculated quantities 
(see page 88). 

The raw water flows direct through the submerged pipe 
into the mixing-chamber, the raw water needed for preparation 
of the lime-water to the lime-stirring chamber, and the third 
part is regulated by a float apparatus, so that as much of the 
soda-solution flows out of the soda-chamber to the lime-chamber 
as water flows in (see page 110). 

Finally the reagent water pump delivers as much of the 
reagent liquid which has been prepared as will correspond to 
the position of the by-pass valve of the reagent pump, which 
is governed by a float in the reagent tank. 

From the foregoing it is apparent that it is possible to 
equip an average water-station with a water-purif3dng appara- 
tus, exclusive of the buildings, at small cost. 

At a station of the Southern North German Junction Line 
was built in 1891 a water-purifying apparatus (see Fig. 69), 
where on account of the raw water containing the proper 
amounts of carbonates and sulphates the purification could 
be accomplished with advantage by using caustic soda alone. 

It was therefore possible to have an especially simple instal- 
lation, and the latter consisted of only a small collecting-chamber 

* Page 123. 
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for all the raw water and of two small caustic soda reservoirs 
with pressure-regulators, and the water reservoirs which were 
on hand at the time. 

The proportional admission of caustic soda to the raw 
water is accomplished, in the first place, by means of a pecu- 
liar connection of two connected valves which maintain the 
ratio of the inflowing proportions at all times, according to 
the changing demands for water. 




Fig. 69. 

The clarification takes place in the reservoirs. 

The preparation of the reagent liquids on the floor of the 
machine house would necessitate a small elevation of the 
latter to the mixing place and cause a loss of some of the sim- 
plicity. 

This water-purifying plant which was calculated for 2 cm. 
per hour, and was only to purify water for the shifting engines, 
was no longer sufficient after several years. 

The capacity of the former was increased to 10 cm. per 
hour, so the caustic soda had to be added in quantity corre- 
sponding to the water raised by the pump, and allowed to 



DEVELOPMENT OF WATER-PURIFYING PLANTS. 155 

mix well in the two tanks M, M (see Fig. 70), and then so 
distributed by means of a divided weir in the chamber Fm, so 
that only 1/6 of the total water clarified itself in each of the 
six tanks present holding 5 cm. In these tanks, which at. 
the top held wood fiber through which the water passed to 
the collecting-tank jB, there would be a very small velocity of 
the rising current, so the water was almost clear when it entered 
the wood fiber and passed to the collecting reservoir clear.* 




Fig. 70. 



An apparatus having a capacity of 7 cm. is shown in Fig. 
71. The raw water is divided by a circular weir. One por- 
tion passes through the pipe a to the mixing-chamber ilfi,, 
another portion divides itself into a current flowing through 
the pipe Di to the bottom of the lime discharge S and into a. 
portion, which is conveyed by means of the funnel T and 
pipe to the plunger moving up and down, which regularly 
feeds the lime into the funnel from below. In the lower 
poition of the lime-chamber the raw water is freed of its 

♦This apparatus is no longer used, as raw water was since obtained 
which needed no purification. 
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carbonates, then passes through the pipe E2 into the stirring- 
chamber, where it loses the lime, and flows free from precipi- 
tates through the pipe b to the mixing-chamber. 

A third part flows to the floating displacement Si, PF, 
and forces out as much soda-solution from the lower chamber 
PF to the mixing-chamber through the pipe c as water flows in. 

From the mixing-chamber the water enters a large concrete 
reservoir, in this it rises through the pipe J, arranged along 
the side wall, and after rising very slowly on account of the 
great area of the reservoir flows away clear through a wood-fiber 
filter. 

The results of the analysis and the calculations pertaining 
thereto are as follows: 

Boimd C02 125.2 milligrams per liter a = 15.93 lime degrees 
€alcium CaO 170.5 *' '' '' b = 17.05 '' 

Magnesia MgO 118.1 '' '' '' 16.53 '' 

Total hardness = CaO H- MgO = c = 33.58°, and according to the 
equations on pages 198 and 199 

2a-b=31.86-17.05 = 14.81° 
c - a = 33.58 - 15.93 = 17.65° 



32.46° 



If the lime-water therefore to be added to 1000 Uters is Xq liters 
then 

32.46° X 1000 = 120° Xxo, Xo=270.5 liters. 

If soda-ash of 94.64% strength is to be used 17.65X2=35.3; 
,353 Kg is to be used per 1000 liters, or if the soda-ash is dis- 
solved in 12 times its quantity of water, ' 

.353X12=4.24 liters per 1000 liters. 

To 1000 liters of the natural water must be added 270 liters 
of lime-water and 4.24 Uters of soda-solution. 

The principal divisions of the circular weir G are there- 
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fore to be arranged as 1000 : 270 : 4.24, therefore the circumference 
of the weir must be divided according to these proportions. 
In the issue of October, 1899, of the '' Bulletin de la Commis- 

'd 




Fig. 73. 



sion Internationale du Congres des Chemins de Fer," is de- 
scribed a water-purifying plant of Leonard Archbutt of Derby, 
chemist of the Midland Railway, in which the water is purified 
by means of the soda-ash lime-settling system and by carbonic 
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Bcid, which is generated in a coke oven, and being forced into 
the purified water by a blast will make the final reaction harm- 




PiG. 74. 



■^^a 




Fig. 75. 



^^B 



Fig. 76. 



less. When the carbonic acid in a closed pipe is introduced 
into the water passing from the upper surface, it dissolves all 
-the remaining fine precipitates formed. It will, therefore, pre- 
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vent all incrustation in the pipes, injectors, and valves. (See 
Figs. 72 to 79.) 




W, K, Sf Prepared reagents. 

d, Blast for introduction of COj and for the rooting up of the pre- 
cipitates by means of the perforated pipe r^. The blast serves 
also for acidifying the reagents and for the mixing of the latter 
with the raw water. 

o, Pipe for the introduction of CO2 into the pure water. 

p, Outlet-pipe for an excess of gas. 

5, Outlet-pipe for pure water, whose fine precipitates have been 
dissolved by the COj. 
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The settling will be accelerated by the rooting up of the 
old precipitates by the air introduced. Because, by the newly 
found flakes adhering to the particles of precipitates which 
have already assumed the heavy crystalhne form, the clarifica- 
tion will be hastened. This proceeding is always simpler 
than the addition of powdered chalk, brick-dust, or similar 
substances. 




Fig. 79. 

It is important to recognize, both from literature and in 
practice, that since the year 1892 a vital demand has been 
felt for the necessary knowledge to make water soft, and that 
since this period a great number of water-purifying arrange- 
ments have made their appearance. It may not be improper, 
therefore, to bespeak a certain interest for the work of the 
author which appeared in that year. 



CHAPTER X. 
ORITICAL EXAMINATION OF WATER-PURIFYING PLANTS. 

If we would form an opinion as to which form of water- 
purifying plant should be chosen on the grounds of its suit- 
ableness, cheapness, and ease of operaton, we must consider the 
following facts: 

Besides those designs which contain pumps, pulsometers, 
or conduits, we should consider next the hourly, daily, and, 
in small plants, the results shown for several days as to pure 
water for feeding locomotives, the raw water for washing out 
the boiler and tender, the type and manner of apportioning 
the hquids to the chambers by means of cocks, valves, or 
weirs, the time of passage of the water being purified, and of 
the lime-water through the clearing- and saturating-chambers, 
the velocity of the rising currents, the clearing height, the 
kind of filter, their area and filtering material, the period required 
for washing the filters, and the loss of water thereby occasioned, 
the relative loss of changing the filter-beds, and, where feasible, 
the approximate cost of the plant will be separated in.to the 
cost of the buildings required and the cost of the purif3dng 
apparatus. 

As the uniformity of the character of the water to be used 
is of equal importance as the certainty of the operation, it must 
also be known; if the character of the raw water changes during 
the year and requires a change of precipitants, and what measures 
are to be employed to counteract the harmful influence of these 
changes of the character of the raw water on that of the pure 
water. 

162 
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That the intelligence of the attendant plays an important 
T6le in water purification does not need to be raised here, 
as the omission to fill the chambers at the right time will pro- 
duce an irregular result from the best apparatus. 

It must be expressly noted if and how long the lime-water 
is completely saturated and flows out quite clear; if this should 
not be the case it is usually through a longer uninterrupted 
period of operation than that guaranteed by the builder of the 
apparatus; if the lime- and soda-solutions are always of equal 
strength (in spite of the removal of the effective material by the 
withdrawal of water) ; if the pure water always shows a uniform 
hardness, clearness, and alkalinity, and if foaming or priming 
of the boiler-water occurs and under what circumstances; if 
the injector of the locomotive becomes incrusted, and whether 
this is due to impure water or to water containing an excess of 
lime; if the tubes in the fire-box and stay-bolt heads show a 
salty exudation; if a noticeable formation of scale occurs in 
the boiler, and if scale formation occurs in the cocks. By 
first ascertaining the above facts the proper method of water 
purification will be apparent. 

Also the calculation of the amounts of the additions, the 
products based on the analysis of small samples of water for 
water softening, the compensation of the latter for the character 
of water purified in large quantities, as well as the alkalinity of 
both which will be measured by 2/10 normal HCl, must all be 
•considered. 

The real reason for the priming of water will be better de- 
termined by an estimation of th^ standard of alkalinity of 
the pure water and of its clearness as well as its time of 
passage through the apparatus, as it frequently happens that 
this is ascribed to an excess of soda-ash where calculation 
shows not enough, and should be set down to other reasons 
(especially to the presence of magnesia carbonate). The filters 
€an only produce a momentary clarification of the water, but 
cannot prevent a later reaction in the boiler. 
^* For the technical investigation of water and calculation of the 
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additions it is sufficient only to know the strength of the raw 
water in calcium, magnesia, and half-bomid carbonic acid, yet 
the engineer will recognize at times from the analysis whether 
the water has characteristics which will lead to rusting of 
iron * or the corrosion of copper, which act so harmfully when 
working under the high steam pressure of boilers, but has 
less effect if the plates are covered with a partial protection of 
adherent scale. 

If signs are present that the water attacks the iron or copper, 
we will ascertain where this attack occurs and to what extent, 
and not neglect to obtain a complete analysis of the raw 
water and the water in the boiler produced from the former 
giving the calcium, magnesia, iron, half-bound carbonic acid, 
sulphuric acid, chlorine, nitric acid, nitrous acid, ammonia, 
oxidizable organic matter, total residue, and residue after 
ignition. 

From the comparison of the results of the analysis of the 
raw water and that found in the boiler, the boiler-water being 
taken shortly before washing out, a correct conclusion of the 
destroying properties of the water will be made known, and it 
will be determined by testing whetjier to make a reduction in 
the amount of water used, wash out frequently, or procure 
another water-supply from streams or deep wells. 

Mechanisms suitable for the preparation of precipitants, the 
mixing of the solutions in proper proportions with the water, 
and the clarification of the treated water, must be simple and 
easily accessible. The chemical procedure must be so governed 
that the sedimentation will occur in the most complete manner 
possible, imder the most favorable conditions, and the clarifica- 
tion must take place in the shortest possible time. This is 
effected by heating the entering water, where exhaust steam 



* Das Verhalten des Chlormagnesiums im' Dampfkessel, von H. Ost. 
Chemiker Zeitung Cothen, Sept. 3, 1902. 

Ueber Rostbildung im Lokomotive Kessel. Organ fur die Fortschritte 
des Eisenbahnwesens (S. Organ, 1891, 1892). 
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or other means of heating are available, especially with water 
containing magnesia. 

If means of heating are not available this must be accom- 
pUshed in other ways, which will aid in raising the standard 
of pmification. Such means are: 

1. Mixing together the precipitants with the raw water 

under a high pressure, or at least under a certain 
head of water. 

2. Mixing together in a simple manner the definite amoimts 

of precipitants determined from the examination 
of the water by means of devices, in which any 
small change of the proportions of the mixture re- 
quired can be made by a change in the adjustment of 
the apparatus. 

3. An intimate mixtiu*e of the precipitants with the raw 

water imder pressure. 

4. A long^ continuous, and undisturbed leaving together of 

the exactly mixed liquids under pressure, in order to 
aid the crowding together of the separate particles. 

5. Permitting the mixed water to remain a long time in 

the apparatus. 
If the clearing-chamber is not large enough for the clari- 
fication to take place in it without special fittings or filters 
the clarification must be assisted by 

6. A gradual and uniform rising of the mixed Hquids in 

the clearing-chamber, whereby the large flakes of pre- 
cipitate separate from the fine. 

7. A repeated crowding together of the fine precipitates by 

which they will unite themselves in larger flakes and 
settle more easily. 

8. Repeated inversion of the direction of motion, whereby 

the precipitate quickly sinks to the bottom, gradually 
rises again to the top, but at the moment of turning 
flows through the precipitate already settled and 
attaches itself to the latter. An alternate state of 
rest of the mixed water in two compartments of the 
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clearing-vessel, which are so filled with enclosures 
that the fine particles of precipitates can settle from 
the surfaces without being carried on with the follow- 
ing inflow of water, is of especial value. The duration 
of the state of rest and the distance the precipitates 
fall in these enclosures must stand in correct propor- 
tion to each other. The plates placed in the clearing- 
chamber must be so placed that all the rising particles 
of precipitate impinge on them. 
9. Prevention of the carrying along of air by entering 
currents of liquids into the clearing-chamber and the 
liberation of the air carried along in the latter, or if 
air is used as a means of stirring securing a perfect 
liberation of the same from the water in order to pre- 
vent causing a turbidness later. 
On the proper preparation of the reagents the following 
is to be said: 

The lime-water should be made from freshly burned Ume, or 
from dissolved lime protected against the entrance of carbonic 
acid by a layer of water, and the water so prepared that no 
flakes of precipitate are formed by its introduction to the Ume. 
The former would surround the dissolved lime particles, retard 
their solution, and hinder their transmission. 

The soda-solution is made without heating from commercial 
soda-ash and the purest water possible added together in the 
proper proportions. The handling of tlie apparatus as a whole 
should be convenient, and the cleansing of all parts should be 
easy, and should be carried out without great loss of a water. 
Besides these technical criticisms of the value of water- 
purifying plant, an economical criticism must still be made, in 
which the cost of the plant will be compared with the amoiqit 
of water it is designed to purify. If K indicates the cost of the 
plant in kroners (about 22 cents), and M the cubic decimeters 
of prepared water delivered, the value of the plant will be 

greater as -^ is smaller. 
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For example, a plant with drain-pipes and decanting device 
would be more valuable than one without these devices, because 
with the first a considerably greater quantity of pure water 
is prepared for delivery and because fm-ther much less repairs 
are required. 

In forming an opinion of the value of a water-purifying plant 
the way and manner of its operation has an important bearing. 

This manipulation should be the simplest possible, the 
raising of material to the top should be avoided, and is only 
permissible at intervals. 

The daily manipulation would take place from a platform 
or from a high landing. 

The lime should not be dissolved each time in small lots, 
but should be taken from a lime-pit. 

The soda-solution should only be prepared once a day at 
the most. The washing out of the filter should take place as 
seldom as possible, not only on account of the necessary waste 
of water, but also on account of the interruption to the opera- 
tion. 

The greater the dimensions of the clearing-chamber and the 
more complete the clarification of the water is before the filters 
have to handle it, the less often will the washing out of the 
filters be necessary. 

Therefore, an ample size of the water-purifying plant has 
an advantageous influence both on the convenience of operating 
as well as on the results of the purification, and therefore the 
capacity of the clearing-chamber must not be designed too 
small. 



CHAPTER XI. 

STUDY CONCERNING THE INSTALLATION OF WATER- 
PURIFYING PLANTS.* 

If it is determined, by means of a water analysis, that the 
water needs purifying, and no other chance of obtaining pure 
water is possible; if, further, the results of the analyses of water 
at different seasons, and taken at different states of the weather, 
do not show too great changes in the character of the water, — 
then we may begin the preparatory work toward the installation 
of a water-purifying plant. 

The next question to arise is, whether the water may be 
purified cold or only in a heated condition, and whether the 
precipitation of the mechanical or chemical pollution contained 
in the water occurs quickly or slowly. 

From these considerations we then determine what vessels 
are necessary, and what size we must give to the same. 

The following two examples of softening tests will explain 
the preceding in a clearer manner : 

The entering water for purification is turbid, has an odor 
and contains a soft, powder-like sediment. 

One Uter of water leaves behind 719 mg. on evaporation 
to dryness, which contains, — 

In insoluble acids 5.2 mg. 

Oxide of iron and alumina 3.6 ' ' 

Calcium (CaO) 1S1.6 '' 

Magnesia (MgO) 87.6 

Carbonic acid (CO2) 104.9 

Sulphuric acid (SO3) 214.8 

Total hardness, 25.4 German degrees. 

* Not every manufacturing process, where these processes may not have 
an odor nor be affected by alkalies, will permit the use of the condensed 
exhaust steam from treated water. 
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For softening per liter of water there is required 131.6 mg. 
calcium (CaO) and 174.3 mg. sodium hydrate (NaOH), corre- 
sponding to 135.1 mg. caustic soda (Na20). 

For these analyses, and the results of the softening, the author thanks 
Chief Inspector Karel of Prague. 

A. The Above Water Treated Without Heating. 

1. After 3 hours. The filtered-treated water has an alkaline 

reaction; for the neutralization of 100 c.c. of the same, 
2 28 c.c. 1/10 normal acid is necessary. 

One liter of water contains 33.2 mg. calcium (GaO) and 
33.1 mg. magnesia (MgO), corresponding to 7.95 German 
degrees. 

2. After 6 hours. Same water as above: 1.84 c.c. 1/10 normal 

acid were required for the neutraUzation of 100 c.c. of 
the water. 

One Uter contained 32 2 mg. calcium and 24.0 mg. mag- 
nesia, corresponding to 6.58 German degrees of hardness. 

3. After 12 hours. Same water as above: 1.70 c.c. 1/10 normal 

acid were required for the neutralization of 100 c.c. of 
the water. 

One Uter contained 27.6 mg. calcium and 24.4 mg. 
magnesia, corresponding to 6.17 German degrees of hard- 
ness. 

From the above it is evident that approximately the 
best results of purification are obtained in 6 hours 

B. The Previous Water Treated with Heating. 

Before the addition of the reagents, the water was heated 
to 50° to 60° C, and, after remaining at this for two hours, 
cooled to the customary temperature. 

1. After 3 hours, calculated from the beginning of the investiga- 
tion (heating included), it was filtered. The water had 
an alkaline reaction: 1.14 c.c. 1/10 normal acid were 
necessary for the neutraUzation of 100 c.c. 
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One liter of water contained 26.0 mg. calcium iCaO) 
and 16.5 mg. magnesia (MgO), corresponding to 4.91 
German degrees of hardness. ^ 

2. After 6 hours (from the beginning of the investigation as 

above). Water alkaUne: 1.40 c.c. 1/10 normal acid were 
necessary for the neutraUzation of 100 c.c. 

One liter of water contains 27.0 mg. calcium and 13,1 
mg. magnesia, corresponding to 4.43 German degrees of 
hardness. 

3. After 12 hours (from the beginning of the investigation), 

Water alkaline: 1.55 c.c. 1/10 normal acid were necessary 
for the neutralization of 100 c.c. 

One liter of water contained 24.6 mg. calcium and 4.7 
mg. magnesia, corresponding to 3.06 German degrees of 
hardness. 

From these investigations it is apparent that the purifica- 
tion increases with the time allowed, and that it is chiefly the 
magnesia which is precipitated. 

The softening of the water during 6 hours, and still more 
during 12 hours, when the hardness sinks to 3 degrees, may be 
attributed to complete clarification. 

The purification accomplished amounts to 25.4-3.1 = 22.3* 
German degrees of hardness. 

TABULATION OF THE ABOVE RESULTS. 



Clarification period 


3 hours 


6 hours 


12 hours 


Treatment at normal tem- 
temperature 


Hard- 
ness. 

7.95*^ 


Alka- 
linity. 

2.28 


Hard- 
ness. 

6.58° 


Alka- 
linity. 

1.84 


Hard- 
ness. 

6.17° 


Alka- 
linity. 

1 7 






At temperature of 50*"- 
55° C 


4.91° 


1.14 


4.43° 


1.4 


3.06° 


1 55 







From this softening test it follows that the water must 
remain at least 3 hours in the apparatus, so that a correspond- 
ingly uniform softening will be obtained by the treatment in 
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the cold state; and from this we determine the height of the 
chambers, and, from the previously stated velocity of the rising 
currents, the dimensions of the clearing chamber. 

The higher the clearing chamber, and the broader this is^ 
just so much better is the result of purification. This will 
depend chiefly on the length of time the water is stirred with the 
chemicals. But many waters yield precipitates even after 
more than 12 hours of treatment, and these settle in the pipe- 
fittings and form lime incrustation, particularly in the bends^ 
which is the harder the longer it is left undisturbed. 

This subsequent precipitation can only be restricted by 
heating the water, or by the addition of an excess quantity of 
reagents. 

Increasing the addition of lime especially serves to accelerate 
the softening, and therefore, in a softening test, an experiment 
with an excess of Hme should always be made. 

The following exposition is an example of this: 

From a water which contains, — 

(a) Bound carbonic acid== .1582^ = alkalinity X 2.8 
(6) Calcium (CaO) = .1476° 

(c) Magnesia (MgO) = .0500° 
Total hardness =21.76° 

For this analysis, and the results of the softening, the author thanks Chief 
Chemist Grittner of Budapest. 

Two series of softening tests were made : 

1. With the properly calculated amounts of reagents: when in 

a cold condition; when warmed to 30°. 

2. With the quantity of lime increased about 5%: when in a 

cold state; when warmed to 30°. 

The total hardness and alkalinity of the softening when in 
the cold state were determined after periods of 1, 2, 3, 6, and 
10 hours. (See table of results on page 172.) 

The alkalinity is the number of cubic centimeters of Via 
normal HCl which are necessary for the neutralization of 100 
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c.c. of water. This number multiplied by 2.8 gives the Ume 
degrees. 

RESULTS. 



Period of clarifica- 
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Hard- 
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Hard- 
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Hard- 
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temperature 

At 30 R 


12° 


4.2 


9.3° 


3.4 


6.7° 


2.7 


6.5° 


2.7 


6.5° 


2.65 




.... 


4.5° 


1.9 
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usual temperature 


8.7° 


3.3 


6.7° 


2.8 


6.3° 


2.3 


6.3° 


2.3 


6.3° 


2.25 


At 30 R 






5° 


2.3 





















In the cold purification, with 5% excess of lime, the precipi- 
tate settled in granular form very readily and the liquid was 
entirely clear after one hour. 

With this water no difficulty is to be expected when soften- 
ing in large quantities. The clearing-chamber is calculated 
to have a duration of passage of one hour. The filtration is 
only for additional security. Another example is shown with 
the following water : 

Alkalinity 9.1° 

Calcium .1546° 

Magnesia (MgO) 077° 

Total hardness 26.24° 

Here the purification proceeds badly; the precipitate is 
very voluminous. 

After six hours it balls itself together, but will not become 
granular. At three hours the water is always turbid. 

With this water a larger clearing-chamber must therefore 
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be used, in which the water must remain more than three hours. 
The filtration must be very complete. A subsequent reaction 
in the pipes is to be feared. 



Period of clarifica- 
tion in hours. , . . . 



Addition of a quan- 
tity of reagents 
according to cal- 
culation at usual 
temperature 

At 30*^ R 

Addition of a quan- 
tity of reagents 
according to cal- 
culation and 5% 
excess of lime at 
usual temperature 

At 30° R 



Hard- 
ness. 



22.5' 



17.8* 



Alka- 
linity 



6.5 



6.4 



Hard- 



12.8* 
12.1* 



lo.r 

11.5° 



Alka- 



linity 



4.5 
4.5 



4.5 

4.7 



Hard 



10.7° 



9.6* 



Alka- 
linity 



4.1 



3.7 



Hard- 



8.9° 



8.5° 



Alka- 
linity 



3.3 



3.1 



10 



Hard- 



8.5° 



7.9° 



Alka- 
linity 



3.0 



2.9 



This subsequent reaction may only be prevented by the 
described treatment of Archbutt, as shown in illustration on 
page 158, Chap. IX, in which the pure water is treated with a 
current of carbonic-acid gas so that the material (boiler scale 
formed) precipitated by the subsequent reaction will be dis- 
solved. The water will always be somewhat harder from this 
treatment, but is completely clear and has lost its alkalinity. 

In the installation of a water-purifying plant we must 
decide whether we will build it on the settling system, while 
the water is still, or when in motion. 



The Sedimentation and Clarification in Still Water. 

The above-mentioned settling system is chiefly used for 
the purification of small quantities of water. 

With this system, filters may be omitted, if the liquid is 
given sufficient time for settling, and if the pure water may 
flow slowly enough, so that the settled precipitate will not be 
stirred up and carried along. This velocity of the rising 
current can be determined by an experiment. 
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If the withdrawal of water must take place suddenly, an 
intermediate storage-tank is necessary. 

In order to decide whether a single settling-chamber may 
be used, the following considerations will be of service: 

If, during twenty-four hours, there is an hourly demand for 
pure water of w? cm. for an operating period of a hours, and 
an hourly inflow of raw water of v? cm . for a period of prepara- 
tion of h hours, and the preliminary test showed a period of 
clarification of c hours and a harmless period of discharge of 
d hours, then, with an area of the clearing-chamber of Fw?, an 
effective space R of the same, and a harmless period of dis-^ 
charge of p cm. per hour, the formula following is correct : 

24= a -h b-hc-l-d 

^.RR R 

or 24 = — ^-f-^ + c-f^r. 
m^ V? Fp 

If, for example, during ten hours, 1 cm. of pure water is 
used per hour, and 5 cm. of raw water are admitted per hour, 
the period of clarification is six hours, and the velocity of the 
rising current of water is .5 mm. per second, without any of the 
precipitates already formed being carried along (equal to 1.8 
meters per hour); we then have 

10m3 

or F = .92on2 

Period of discharge = 6 hours. 

It is, then, possible to accomplish this with a single settling- 
chamber formed according to Fig. 80. 

For the practical accompUshment of the stirring by hand, 
this chamber would have to be made too high; it must therefore 
be made with a greater area, and the bottom placed lower down. 

By doing so, the velocity of sinking is diminished and the 
flexible tube given a better chance for extension. 
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We see in addition, from this example, that it would be better 
to employ two chambers in the previous case, and arrange for 
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Fig. 82. • 

smaller outlet tubes, as these are in the way for stirring, and 
then to carry the outlet pipe only to the middle. 
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The stirring may be done best in wide troughs, which are 
arranged beside each other (Fig. 81), or over each other 
(Fig. 82). 




The arrangement of the chambers above each other has 
the advantage that no precipitate settles in the lower 
chamber. 
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Fig. 85. 
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Fig. 86. 



178 ANALYSIS AND SOFTENING OF BOILER FEED-WATER. 

Figs. 83-85 show a small water-purifying plant for the 
operation of a steam-boiler water-station. 

The lime and the soda-ash were well stirred with the raw 
water in the upper trough KS by means of a steam and air 
stirring device (d). After clarification the liquid is admitted 
into the lower chambers MM by means of decanting-pipes, 
which take the reagent liquid from the top surface. The ends 
of the decanting-pipes are shown with floats, and are lifted out 
before the water is drained out. 




Fig. 87. 

The reagent liquid thus discharged enters a fimnel-pipe 
und mixes itself with raw water, which is flowing in at the 
same time. The mixed water thus produced will be well stirred 
by two other steam and air stirring devices. After complete 
clarification the pure water will pass by means of decanting- 
pipes into the space below. 

The steam and air stirring apparatus consists of nothing 
other than a jet of steam placed at a corresponding depth in 
An open pipe. 
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From Figs. 86 and 87 the arrangement of this small soften- 
ing apparatus is apparent. 

If the outlet valve is opened gently, and if the liquid is 
completely clear, the decanting- pipes may be dispensed with. 




n 



1 



© 



Fio. 88. 




Fig. 89. 

Figs. 88 and 89 show a still simpler arrangement of such 
an apparatus, in which the water will be alternately treated 
in two chambers. 

The treatment (with lime and soda-ash) takes place while 
the water is hot. 
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The stirring takes place by means of numerous perforated 
wooden disks in whose center is placed a bar, moved up and 
down in the same. 

After clarification the water is admitted through wooden 



^ 




i_ 



Fig. 90. 





Fig. 91. 



Fig. 92. 



pipes, placed so high the precipitate will not be carried along, 
into a lower reservoir. 
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For larger quantities of water than about 8 to 10 cm., hand- 
stirring is not possible, and a stirring device with stirring motion. 
Fig. 90, or a stirring device with up-and-down motion, Fig. 91, 
or, lastly, an air-stirring device, is used, Fig. 92. 

In both the first cases, the bottom of the mixing-chamber 
may be flat, although the removal of the precipitate is best 
accomplished by a funnel-shaped bottom. 

In the latter case the bottom must be funnel-shaped, in 
order to always convey the chemicals to the point of entrance 
of the air. 

In Figs. 93, 94 is shown a small water-station with stirring 
devices (these may also be equipped with rotating stirrers). 

In Figs. 95, 98, is shown an apparatus with air-stirring device^ 

The water is forced, by means of a pulsometer, into a 
division of the top reservoirs. 

From this division it descends — carrying air with it — 
alternately into the two settling-chambers, and from these 
through the filters into the cistern, from which it will be raised 
by means of an ejector into the highest reservoir. 

From this it is delivered to the locomotives in the usual 
manner. 

The chemicals will be added by hand to the mixing-chambers. 

In Fig. 97 is a similar plant shown, in which a steam-bciler 
is located. 

The reagents will be first placed in a closed chamber (KS), 
and then forced by steam into the mixing-chamber. 

In small railway water-stations it often happens the charges 
are added in a few minutes to the raw water at the same time 
as it is being pimiped by the pulsometer, during the short stay 
of the locomotive at the station, while the preparation of the 
additions and the clarification of the treated water occurs in the 
pauses, as, for example, between the last and first daily trains. 

In this case, and when the reservoirs stand high, the necessary 
quantity of lime and soda for the contents of the clearing 
reservoirs will be placed in correspondingly shaped vessels 
and forced into the reservoirs by steam from the locomotive, 
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where they become violently stirred with the raw water by 
the air carried along. 

In order to accomplish a good mixing, the bottoms of the 
reservoirs must be funnel-shaped. 




In case the water cannot flow by gravity from the water 
reservoir into the tender-tank of the locomotive, but must be 
forced to the same by an injector, the additions will be added 
by hand to the reservoir. This is the simplest and cheapest 
form of water-purifying for railway water-stations. 
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Fig. 97. 
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In the following, two such plants are described, in which 
the addition of the chemicals to the water was made by hand. 

In Figs. 98, 99 is shown the mixing-chamber in a frame » 
house. 

The steam of the locomotive can be conveyed by means of 
the three-way valve P^ to the pulsometer, which forces the raw 

Fig. 98. 




mm 



Fig. 99. 

water into the mixing-chamber M, and to the injector which 
forces the pure water into the locomotive. It is also possible 
to simultaneously set in operation the pulsometer P« and the 
injector P,. 

The entering water from the rising pipe in the waste-pipe 
of the mixing-chamber carries a great quantity of air to the 
lowest point of the funnel-shaped bottom of the mixing-chamber, 
and stirs the reagents with the raw water during the whole 
time the raw water enters. 
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During this period of admission of water and the stirring, 
the outlet pipe, connected with a float by a cord and chain 
over rollers, is so suspended from a hook that the float will be 
reached by the water shortly before the chamber is filled. The 
chain will then slacken, the ring swings itself free from the 
hook (see Fig. 43. page 123), and the discharge of the water 
begins without further help. 

As the water first coming from the outlet is still turbid, a 
filter is placed between the outlet hose and the pure- water cistern. 

Fig. 100. 




Fig. 101. 

If we dispense with the automatic discharge of water, the 
filter may be dispensed with. 

In Figs. 100, 101, by placing a pure-water chamber over a 
mixing-chamber, means are provided that the water can flow to 
the locomotive without further mechanism. 
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This plant is, therefore, more generally used than that pre- 
viously described. 

The water reservoirs are all made of thin plates and placed 
above each other, so that the house will contribute in no way 
to the support of the upper chamber, and therefore can be 
built very cheaply. 

The addition of the reagents takes place usually in the settUng 
systems, in that the lime is taken in the form of burnt lime 
and then dissolved. We usually assume that the burnt lime 
contains 80 to 90% of effective calcium. 

We must therefore use 20 to 10% overweight. 

The soda-ash will usually be dissolved before the addition 
to the raw water, and the solution takes place most quickly 
in warm water. 

Caustic soda will be added, dissolved, and created by means 
of stirring milk of lime with hot soda-ash solution. 

The Sedimentation and Clarification in Flowing Water. 

When the time allowed for the water requirement, and the 
addition of reagents to the raw water, is very small, and the 
quantity of water required in a certain time must therefore 
be proportionally large — as, for example, in the case of filling 
the tender with a pulsometer — then the sedimentation system 
in still water recommends itself. 

There will then be sufficient time for the clarification of the 
treated water, and therefore the results of the purification 
will be the best possible. Filters will be usually dispensed 
with. But if the time at hand for the water requirements 
during the day is not restricted, or only a little, and when larger 
quantities of water are to be purified, then the settling of the 
precipitates must occur in flowing water, because the tanks 
for the settling in still water would have to be too large. But 
these tanks will be the smaller and cheaper the better the time 
at disposal is utilized, and also when the water requirements 
and water treatment is continuous both day and night. If, 
for example, 1200 cm. are to be purified daily, the purifying- 
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chambers would be the smallest possible if - ^ . , — '- =50 cm. 

per hour were to be required and purified. 

But in this case, also, the correspondingly best results of 
purification will be accomplished when, for a certain size of 
purifjdng tank, the water in the same can be delayed the 
longest, and when the hourly performance is the minimum. 

This presumes that no pauses for rest-periods of the attend- 
ants, and for changing the treatment during the operation of 
the apparatus, occur. The double arrangement of preparing 
tanks for the chemicals and the placing of these preparing 
tanks on the ground floor, aids in the fulfillment of these con- 
ditions, especially when operating both day and night. The 
charging of the apparatus, which then must be closed up with 
lime and soda-ash, the removal of the precipitate, and the 
cleansing of the filters by the attendants, can be conveniently 
and quickly accompUshed. Besides, it is especially necessary 
to place the lime-charging tank below, while the soda-ash 
distributor, which must be attended to more seldom, may 
be placed above. If the clearing-chamber itself has a small 
height, the addition of the reagents may of course also take 
place from above without loss of time, and closed chambers 
will be unnecessary. From the point of view of the place of 
attendance, there results a classification of water-purifying 
plants into those which are operated either entirely or in part 
from above, or those in which the operation occurs from below. 

In Figs. 102-105 three water- purifying plants are shown, 
in which the operation is accompUshed above the clearing- 
tanks. 

Figs. 102, 103, 104 display the arrangement of a railway 
water-station, in which there had been installed water-purifying 
apparatus of an older type. 

W, M are the old parts, iJ, K, S, F are newly installed 
tanks. 

The lime-saturators are placed one behind the other and 
were designed for a continuous stream of water to pass 
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through, because little lime-water was necessary, it was not 
continually pumped, and two of them were already on hand 
and it was desired to use them again. The existing raw-water 
tank W was divided, in order to bring the decanting-pipes 
below. The filter was suspended from the platform. 

By the use of a decanting pipe in the old lime-tank, the 




Fig. 102. 

simple arrangement without change to the building makes the 

K * Cost of plant . ^ 

quotient ^=p-y^^^^^^f^^^-^p^^j;^^ very satisfactory. 

Fig. 105 shows a water-purifying plant which is used by a 

factory. With this plant jyp = .2 (K in krohers (about 22 cents) ^ 
ilf in Uters). 
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On the first operation of this plant the injectors of the 
boilers which were fed with pure water showed a heavy deposit 
of lime, which on a proper arrangement of the distributor dis- 
appeared. 

Without a careful analysis of the pure water previously 




taken, the error would be recognized from the results of the 
following simple titrations and determinations of hardness. 





Hour. 


Hardness of 




Day. 


Lime-water. 


Pure Water. 


AlkaUnity. 


March 22, 1901 


7.30 A.M. 

8.30 ** 
9.30 *' 
11.30 " 
1.30 P.M. 
4.30 " 


124^ 

127 

123° 

185° 

125° 

123° 


4.5° 
4.8° 
4.5° 
4.4° 
4.0° 
4.2° 


2.9° 

2.8° 
2.8° 
2.8° 
2.8° 
2.9° 



As the hardness of the pure water consists of the hardness 
remaining in the water and of that resulting from the excess of 
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lime, it must be assumed that about 2° to 2.5°. hardness will 
persist in the water on account of soluble carbonates of hme 
and magnesia, therefore the lime excess is 4.2 -2.5° = 1.7°. 

By a corresponding change of the respective divisions of 
the weir-distributor the quantity of lime-water was properly 
adjusted. 

As the division of the weir-distributor for the lime-saturator 
amounted to 142 mm., and 20° CaO was to be added to the 




Fig. 104. 

water, the dividing partitions were to be moved as 142 mm.: 
20 = x mm.: 1.7°, therefore it was to be moved 12 mm. * 

In Fig. 106 is shown a peculiarly arranged water- purifying 
plant at a railway water-station, in which the interior reservoir 
contained an outer annular space for raw water, an inner annular 
space for pure water, and in the latter a Dervaux purifying 
apparatus with lime-saturator (built in the center) was placed. 



* The same object can be accomplished if we move the divisions of the 
weir to different clamps. The details appeared in the Zeitschrift fiir Bier- 
brauerei and Malzfabrikation, XXXII, Nos. 48 and 49 in the article "Die 
Wasserreinigimg nach Patent Wehrenfennig in der Brauerei Simmering-Wien 
von Georg Meichl jun. 
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A result worthy of imitation does not appear to have been 
obtained from this plant. 

In Figs. 107-115 are shown three plants erected, in which 




the lime was to be distributed from a platform to the lime- 
tank approximately 3 m. high. The soda-ash was mixed with 
the lime. The reagent water formed from the lime-water 
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and caustic soda was conveyed by means of a pump to the point 
of mixture. 




Fig. 106. 



The following is the description: 

Referring to Figs. 107-110. In the building containing the 




Fig. 107. 



machinery apparatus an iron reservoir divided into two similar 
chambers is placed on the second floor. 
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Above the former, in the roof space, is placed a water dis- 
tributor V, while on the ground room is the boiler, a pump 




Fig. 108. 



Ppj a lime-water preparing tank K with float chambers, a 
filter Fhj and an iron platform two meters high with stairs, on 




Fig. 109. 



which the two troughs for dissolving the soda-ash Sg and the 
soda-ash distributor are placed. 

In the bottom of the building a small lime-pit is placed^ 
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which may be filled from a lime-slakmg trough placed outside 
the building. 

The steam-pump sucks the raw water from the cistern, and 
forces it through the uptake pipe into a chamber to the so- 
called distributor 7, which is shown with a circular weir and 
surrounded by an annular space. 

The distributor has the duty of dividing the water auto- 
matically into three parts in proper proportion to the analysis, 
and which are: 

(a) Into that entering to be mixed with the solution of 
reagents and to be changed from raw water to pure water. 




Fig. 110. 



(6) Into that required for preparation of a clear saturated 
reagent solution. 

(c) Into that required for displacing an equal quantity of 
dissolved soda-ash, and is only used for this purpose. 

The portion (a) and by far the greatest quantity of raw 
water flows from the distributor through a short pipe into the 
receiving funnel of a large inclined pipe and through this into 
the division M of the high reservoir. 

The portion (b) of the raw water (about 1/7 of the portion a) 
flows into the lime-tank K, and is energetically stirred in the 
same with slaked lime by means of an air-stirring device. 

The portion (c) of the raw water (about 1/500 of the portion 
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a) flows into the soda-ash distributor, out of which it is con- 
veyed to the bottom of the lime-water chamber. 

By means of the admission of the soda solution to the 
mile in chamber K it will be changed to caustic soda (causticized). 

The liquid produced in K clears itself by rising and flows 




Fig. 111. 



as a clear mixture of lime-water and caustic soda — as so-called 
reagent water — into a float-chamber. In this float-chamber is 
a float balanced from above. The latter regulates, by means 
of a chain, a by-pass valve W of the reagent pump, so that 
the latter always delivers the determined quantity of liquid 
for the formation of the addition water which flows out of the 
distributor. Fig. 111. 

By a greater inlet into the vessel the float is raised, partially 
closing the by-pass valve, by which the pump will pump a 
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correspondingly greater quantity. By a less inlet, the float 
sinks and the opposite will occur. 

From the float chamber the reagent water will now be 
forced by the so-called reagent pump, attached to the main 
pump, to the mixing-place, where it joins with the raw water 
(portion a) and flows down with this through the inclined pipe 
mentioned into the reservoir division M. 

In this large division, in consequence of the small velocity 
of the rising current of the water, a close and continuous contact 
of the reagent water with the raw water occurs, and there- 
fore a most complete precipitation of the material takes place. 
The precipitate thus formed remains for the most part on the 
bottom of the reservoir division. 

Only the very fine precipitates, which will be carried along 
in spite of the small velocity of the rising current, reach the 
top surface of the water in the reservoir division ilf , and flow 
from there with the pure water through a decanting-pipe into 
the filter F, in which they will be held back. 

The water flows now, entirely pure, through the pipes and 
the second decanting-pipe into the reservoir division R of the 
double reservoir, and will flow from here to the water crane. 

In proportion as the pure water is taken from division R, 
the water flows from division M into division 72, so that the 
contents of both reservoir divisions are available for pure 
water.* 

* The result of the water-purification depends on the proper measure- 
ment of the additions, which is possible by strict observance of the prescribed 
mode of operation, as well as on a proper mixing, besides the longest possi- 
ble reaction of the added materials on the raw water, and on good clarifi- 
cation and perfect filtration. 

The longest possible action of the reagents on the raw water and a good 
clarification may be accomplished if the clearing-vessel has the greatest 
possible area, and if, in addition, a reservoir placed above is used. 

Then, because the heavy precipitate does not enter the filters, the latter 
will only be a little burdened with the very fine particles. We can on this 
account use wood-fiber as a filter-bed, and suffer no daily loss of water through 
washing out the filter. The resistance to passage in the wood^fiber filter 
is so little that the two high reservoirs do not have to be placed at different 
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K 
For a plant of 6 cm. per hour, the quotient of -tt = .5. 

The following are the calculations for the previously described 
water-purifying plant: 

I. Chemical Characteristics of the Raw Water. 

The raw water contains: 

Per Liter. 

Bound carbonic acid 1056 grams. 

Calcium (CaO) 1284 '' 

Magnesia (MgO) 0078 '' 

Calculated to German degrees of hardness (see page 8), 
this gives: 

Bound carbonic acid. . . . 13.44° German 

Calcium 12.84° 

Magnesia 1.09° '' 

The absolute hardness, therefore, amounts to 
12.84 + 1.09 = 13.93° German. 

2. The Ascertainment of the Required Quantities of Additions. 

For ascertaining the required additions of lime and caustic 
soda for softening water, the formulas developed from the basis 

elevation. A;s, in spite of the use of a division M of the high reservoirs as 
a clearing-chamber, the water treated therein will flow through the filter 
into the reservoir from which pure water is delivered, and this takes place 
not only during the demands for water, but also while the pump is at a 
standstill, if the level of the surface sinks in the water-outlet tank, — on this 
account there are present all conditions for the attainment of a perfectly- 
pure water, the greatest possible storage of water, and, by the saving of a 
special clearing-chamber and of a special building, the desired cheapness of 
the plant is obtained. 

The construction of the hinged decanting-pipes is protected in Germany 

48 
by D. R. P. 104,547, and in Austria with Priv. ^^, Patents have been 

obtained in Austria for th« distributor, lime-chamber, soda-distributing 
tank, and tilting vessel. 



198 ANALYSIS AND SOFETNING OF BOILER FEED-WATER 

and theory of Professor Stingl by Professor Kalmann are of 
assistance (see Organ Jur die Fortschritte des Eisenbahrmesens 
1893): 

2a— 6=w 
c — a=^n 

For these it is important that — 

(a) The bound carbonic acid be calculated in German 

degrees of hardness. 
(6) The quantities present in the raw water be calculated 

to calcium (CaO) in German degrees of hardness, 
(c) The total hardness be calculated in German degrees 

of hardness. 

m==the required quantity of lime. 

n = the required quantity of caustic soda. 

By substitution we therefore have 

m^2a-b^ 26.88° - 12.84° = 14.04° 

as the required quantity of lime (CaO), 

n=c -a = 13.93° -13.44° = .49° 

as the required quantity of caustic soda. 

Inasmuch as caustic soda as such will not be used, but 
will usually be produced from lime and soda-ash, and as 1° 
of caustic soda is created by 1° of soda-ash and 1° of lime, .49° 
of caustic soda requires .49° lime and .49° soda-ash. 

(a) Ascertainment of the Lime Addition, 

Altogether, according to the preceding, we require: 
14.04 + .49 = 14.53 lime. 

The discharge of the water-purifying plant amounts to 
about 6000 liters per hour (6 cm.). 

Inasmuch as 1 Uter requires 14.53° or 14.53 eg. of lime. 
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there are 6000X14.53 = 87180 eg., or approximately 872 grams 

of burnt lime required during each hour of pumping. 

As it is best to add the lime in the form of clear saturated 

lime-water, and 1 Uter of lime-water contains 1.2 grams of CaO, 

and for 6000 liters of raw water 872 grams of CaO are required, 

872 
we must add to 6000 liters of raw water zr-o "^ ^27 liters of clear 

saturated lime-water. 



(b) Ascertainment of the Soda-ash Addition. 

According to the preceding calculation, .49° of soda-ash 
is to be added to the raw water, which requires a solution of 

53 

— X .49 eg. of soda-ash per liter. 

If now a soda solution of 250° were used, we have the fol- 
lowing: 

The requirement for 6000 liters per horn- of pumping is in 

004000 
the proportion of .49°: 250°= a: liters: 6000 liters; a:= -3^= 

11.76, or, in round numbers, 12 liters of 250° soda-ash solution. 

As 1 liter of 250° soda-ash solution contains 250° X2 = 
500 eg. or 5 grams of soda-ash, therefore, for each hour of 
pumping, 12X5 = 60 grams of soda-ash are required. 

Each soda-ash trough of this plant contains 100 liters: 
for the preparation of 100 liters of 250° soda-ash solution 
100X5 = 500 grams = 1/2 kg. of soda-ash is required, and the 
solution of this quantity is best effected by the water standing 
below (see page 108). 

From the above it is seen that the raw water is to be treated 
with lime-water and soda-ash solution in the proportion that 
6000 liters of raw water will be treated with 727 liters clear 
saturated lime-water and 2.94 liters of 1000° soda-ash solution. 

This is accomplished with a Wehrenfennig distributor, in 
which the water flows over a weir, which is so arranged that 
the length L is divided in three parts in the proportion 
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6606x72yxl2^^^^"'^^^^^ for the raw water; 
6000X727X 12^^^^^'-^^^^^^ for the lime-water: 
finnox:797xl2 ^ -^^ "" .00178 X L for the soda-ash solution. 

The raw water flows direct to the lime chamber, saturates 
itself in this with lime, clears itself, and flows then to the mixing- 
place. 

The calculated quantity of water for the soda-ash solution 
is collected as operating water in the Wehrenfennig water- 
purifying system, in which it forces an equal quantity of soda- 
ash solution to the point of mixing. 

For the attendance of the preceding plant and similar 
plants the following direction may be of value: 

Attendance of the Machine. 

1. Storage of the Reagents. 

1. The lime is to be dissolved in the lime-slaking trough, 
stirred well, and to be kept always under water in the Ume-pit. 

Stirring of the lime or of the reagent water with the hand 
is to be avoided, as both act caustically. 

2. The crystallized or ammonia soda-ash of about 95% 
must be kept in a dry room. 

2. Preparation of the Pumps, 

Before starting the pumps, the decan ting-pipe in the chamber 
M must always be raised, and the ring of the chain placed on 
the hook, so that the uncleared water cannot flow to the filter. 

The soda-ash will be most uniform for each troughful 
if placed on a sieve and the water admitted to the soda-ash 
from below. The soda-ash solution thus formed must have a 
definite strength, and will be admitted to the soda-ash tank 
before starting the pumps. 
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For this purpose a soda-ash distributing apparatus, accord- 
ing to Figs. 35 and 36, is used, — 

(A) First, by opening the cock to the lower chamber until 

this is completely empty. 
(J5) The soda-ash solution will be admitted from one or 
the other of the soda-ash troughs into the stationary 
chamber imtil the discharge from the outlet pipe 
into the lime-saturator begins. 
(CO After this has been done, the cock in the lower chamber 

is closed again. 
The Ume-saturating chamber is to be cleaned out before 
each operation of the pump, while about 25 liters of water 
pass through it. Half-thick lime-paste is placed in the upper 
fimnel of the lime-saturator. 

After these preparations the pump is started. 

3. Consumption of Chemicals, 

The lime and soda-ash required is dependent on the com- 
position of the raw water. 

4. Maintenance and Purification. 

It is to be noted that the partitions fit tightly in the annular 
space of the distributor. 

Arbitrary moving of the partitions by the attendant is to 
be strictly prohibited. 

The clearing-chamber Af is to be cleansed every two or 
three months. For this purpose, after lifting the decanting- 
pipe, the wash-out valve in the bottom of the chamber is opened, 
and, while the precipitate is stirred up, water is passed through. 

At this opportimity a careful examination is to be made 
of the decanting-pipe, the chain and rollers, the floats, and 
all other parts usually under water. 

During the cleansing of the clearing reservoir iW, raw water 
may be pumped into the division R of the reservoir through a 
nozzle. 

The division R is to be washed out two or three times a 
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year. Damaged painting of various parts is to be renewed as 
needed. 

If the filter no longer yields clear water, the contents of 
half-fine wood-fiber must be changed. 

Washing of the filter is not to be permitted, as the water 
flowing quickly through it may tear holes in the contents. 

The renewal of the filters takes place after both decanting- 
pipes are lifted from the water. 

The filter as well as the pipes will be emptied through 
the cock at the bottom of the filter, the cover will be opened, 
the old filter fiber removed, and new wood fiber pressed in 
uniformly, but not too tight. 

Following the blowing-out of the decanting-pipe of If, the 
air-cock to the filter chambers is to be held open until water 
flows out and then closed. 

On account of a good clarification in the reservoir Af , only 
very little material enters the filter, so that a renewal of the 
wood fiber is sufficient for 4 to 6 weeks where the plant works 
daily. 

As to the lower part of the lime-satm-ating chamber, the 
outlet from this, as well as the central pipe, these are to be 
cleaned about twice a year. 

The removal of the precipitate is effected by turning the 
three-way cock from the position when working to the posi- 
tion for removal of the slime. For cleansing, the three-way 
cock is placed in the third position, while at the same time 
the ordinary valve beside it is opened and the incrustation 
taken away. 

The floating part of the soda-ash chamber must rise easily; 
the rollers are to be greased at intervals. 

The trunnions of the til ting-chamber are to be oiled regularly; 
the discharge and the inlet are to be kept clean. 

All valves are to be cleaned from time to time by the 
by-pass valve of the '' reagent '' pump at least once in three 
months and smeared with graphite paste. 

Fig. 112 shows a similar water-purifying plant for a small 
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railway station. The reservoir M was on hand, but it was given 
a depth of 2.5 meters by placing around it a sheet 1 meter 
high, so that the mixing and clearing could take place in it. 

The pure-water reservoir was newly built. 

The necessary buildings were confined to the installatio 

of a canal to carry away the refuse, and the lime-pit 77 = -2 

In Figs. 113 to 115 is shown the arrangement of water- 
purifying devices for a small railway water-station, on whose 
lower floor the operating-machine and the testing-stand are 
placed. It will purify 15 cm. of water per hour. 




, Fig, 112. 

In spite of placing the different devices below in the free 
space under the reservoir, the arrangement is not crowded 
together and is easily accessible. 

As a small pump was present, it was used as a reagent 
pump and was attached to the pumping-engine. 

The soda-ash was conveyed to the lime-saturating chamber, 
and therefore the purification was effected by a mixture of 
lime-water and caustic soda. 

The filter is a wood-fiber filter, in order not to have to 
raise the mixing-reservoir, and not to lose any water in back- 
washing. 

The quotient of economy -tt is small, therefore very advan- 
tageous, and amounts to .04. 
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In Figs. 116-125 the lime-distribution takes place from 
closed chambers on the ground floor; the distribution of soda- 
ash, on the contrary, takes place from above. In all three types 
shown, decanting-pipes are used, which make the quotient of 

K 
economy t> very satisfactory. 

Figs. 116 to 119 show a railway plant in which 20 cm. 




^^'* 



_^^ "'i-^^- 



Fig. 113. 



of water, having a hardness of 43° according to Case 1, are puri- 
fied per hour. 

The entire building and the reservoirs M and R were present. 
A wing did not have to be built. 

The handling of the lime has to be done on the ground 
floor, as the water is very hard, and a very large lime addition 
is necessary. 

The soda-distributor was placed above the reservoirs, on 
account of the cheapness of the installation, and added by 
means of the apparatus shown in Fig. 37. 
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Fig. 115. 
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By the installation of a floating apparatus, as shown in 
Fig. 36, a reserve would be created. 

The floating apparatus was so constructed that the ballast- 










Fig. V.6. 



water was led into the vessel Stj and therefore it must always 
be raised up before refilling. (In later installations this water- 
chamber was placed below, and the water can be let out by a 
waste-valve.) 
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It is recommended for similar installations, where the reser- 
voirs are placed high up, to always have the preparation of 
the soda-ash take place on the ground floor. 

mu ^- ^ r ^ (^^ kroners) _ 

The quotient of economy .j(f (i^ inters) ^'"^' 

In Figs. 120 to 122 is shown the reconstruction of a plant 
in which the vessels W, X„ M, proved satisfactory, and in which 
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Fig. 117. 



the conicai-shaped shallow filters placed in the high vessels were 
not sufficient, and the uniformity of the lime-water was all that 
could be desired, even for a longer duration of operation. 

For the improvement of the plant, the lime-saturating 
chamber was divided by a central partition, and the intermit- 
tent operation was carried on in either of the divisions thus 
formed. 

The intermittent inlet of the water into the Ume-saturating 
chamber took place by means of a tilting-vessel, H. 

The distribution of the lime took place from the lime-dis- 
tributor K, placed on the ground floor; the soda distribution 
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took place by means of the apparatus Sg (Fig. 36, page 109). 
Mixing took place in the central pipe of the high vessel M 
which is in communication with the high reservoir. 




Fig. 118. 



Through these devices and the installation of the decanting- 
pipe, the regular quantity of pure water at disposal would be 
increased by the contents of the upper part of the high vessels 
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(which always remain clear), and the quotient of economy 

K (in kroners) 
a^ r — vT — r~was made = .04. 
M (m liters) 

A double wood-fiber filter makes possible a very slow veiogity 
of passage of the water to be filtered, and makes possible a wash- 
ing of the filters one at a time, without interrupting the opera- 
tion and with very small loss of water. 

The old conical-shaped shallow filters were removed, as 




Fig. 119. 

they were very quickly damaged, and usually did not permit a 
flow from both at once. 

The filter spaces located in the lower part were used as clearr 
ing-chambers without any wood-fiber filling at all, and the 
time of passage of the water was thus increased 

In Figs. 123 and 124 is shown a design for a water-purify- 
ing plant in which the two wooden tubs were to be used. The 
Ume-distribution and the filter are sunk below the floor; the 
soda trough is placed above the platform; and the distributor 
is placed in a Uttle dormer-house. 

In Figs. 125 to 129 plants are shown which are operated 
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entirely from below. Figs. 125 to 128 are clear without 
closer description; it will only be noted that in Fig. 125 
the use of a wood-fiber filter is shown, while in Fig. 126 an 
automatic sand-filter is shown in use. 




Fig. 120. 

The starting of washing-out is effected by means of the 
connected valves. By turning the former, the outlet to the dis- 
tributor is closed, and the water runs over the bent pipe into 
the vertical pipe, carrying air along with it, which, as in the 
Reisert filter roots up the sand without steam being necessary 
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for doing this. As no stirring-arm can be arranged on the 
central pipe in this sand filter, there is, of course, no guarantee 
that the whole quantity of sand will be uniformly washed. 




Fig. 121. 



The following example is of value as giving the calculations 
for a water-purifying plant of this type with an hourly capacity 
of 1.5 cm. 

The water is well-water and contains: 
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Bound CO2 17.4°=a 

Calcium 15.7*^-6 

Magnesia 8.4*^ 

and has a total hardness of (CaO + MgO) =24.^ =c. 
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Fig. 122. 



. According to Kalmann, there is required for piuification 
2a-& = 19.1°CaO, 
c — a— 6.7° caustic soda, 
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and if, instead of caustic soda, soda-ash is used, 25.8° CaO and 
6.7° soda-ash. 




Fig. 125. 



As it will be purified with lime-water of 120°, for 1 cm. 

of raw water the proportion will be 120° Xx=25.8°X 1000 Uters. 

Therefore for one cubic meter of raw water x = 215 Uters of 
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lime water are necessary, which is about one fifth of the raw 
water 

If it is assumed that for a day of ten hours a minimum 




Fig. 126. 

quantity of 60 liters of soda-ash solution should be used, in 
order that the dimensions of the soda-ash vessel may not be 
too great and that the amount admitted may not be too small, 
we have the following figures: 
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For 1 cm. of raw water 6.7^ soda-ash is necessary; with 
1.5 cm. as an homely performance we use 15 cm. per day; 
therefore 

15,000 X 6.7*" = 60 liters X j/°, 
1/^ = 1675^ 

Therefore we must have a soda solution of 1675® strength 
(and as we can make a soda solution up to 3600*^, the previous 
condition is practicable). 

For 1 cm. of raw water there is necessary in soda-ash 

1000 liters X 6.7° = 2 Uters X 1675°. 
'=10^00=250^ approximately. 

Consequently the divisions of the distributing weir are to 
be so divided that 

I of the length of the weir is for the lime-water. 
^hf '' '' '' '' '' '' '' " '' soda-ash solution. 

The distributor chamber, whose contents in water cause the 
compression of the air in the two air chambers, must have such 
a capacity that the soda-solution will pass from the uptake 
pipe to the outlet. 

If we designate the volume of the 
Distributor by W 

Air-regulator for water by Sy,= 120 Uters 

empty space Sl^ 30 " 



soda '' S^ 



a 



soda-ash space /SJ= 60 
Soda-ash solution trough by iS^= 60 

and if the pressiu-e head for the soda-ash solution =5 m. and 
the specific weight of the soda-ash solution of 1675° is the 
same as if 31.8 grams of 100% soda-ash (calcined or ammonia 
soda) were contained in one liter of water, then the height 
must be multipUed by 1.032, that is 5.160 meters. 
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Fig. 127. 
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Fig. 128. 
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If we assume 5 m., the overflow of the soda-ash would 
not take place too early. If the volume of /Su,= 120 liters, 
S„=90 liters, and assuming that 60 liters of soda-ash will be 
used in ten hours, there will be let down SZ liters of water 
into S„, in order to compress the air in the two chambers S^ 
(empty) and S^ (containing 60 liters of soda-ash) to an over- 
pressure of .5 atmosphere. Therefore Si=S/, and we have 
the following equation : 

1 atmosphere-fjQ^) = (Si-fS4-f/SS (1 atmosphere)* 
Stp=SZ+Sl,. 

A = pressure head for the soda-ash solution (see Fig. 39). 

For the previous case, inserting the values, we have 

(30 liters+ASi) Xl.5 = (30 liters -f /Si +/S;j) Xl, 
SZ+Si = 120 Mters, 
(30 liters -f S«,0 X 1 -5 = 150 liters, 
5^=70 Uters; 5JJ= 501iters = Tr. 

The distributor chamber must therefore contain 50 liters. 
If the diameter of the edge of the distributor is 300 mm. we 
have for the height (h) of the water flowing over the same the 
following equation: 

Quantity per sec. in cu. m, = 2/3fibh\/2gh = 

Q = . 000416 cm. per sec. 

2/3// = .57, A= .942 (circle of 300 mm. diameter). 



-'4 



^ =2 mm. 



572 X (.942)2X2^ 



* S '= volume of soda-ash solution in the solution-trough. <Sj is the 
same quantity of soda-ash let down. SI is the air-space (uncompressed). 
Sl+S^^Sv. /SjJ is the water let down to compress the air. S^ is the 
permanent uncompressed air in the vessel Stp; .'. SI^ + S^^Sw. 



INSTALLATION OF WATER-PURIFYINO PLANTS. 221 

If the diameter of the distributor chamber =280 mm., the 
depth of the same would be foynd from the equation 

50 liters =FX A', 

where jP=6.15 square decimeters. 

Distance from upper surface to the bottom 

50 liters = 6.15 A', 
A' = 810 mm. 

The velocity of the water in the vessel for mixing the raw 
water at 1.5 cu. m. per hour with the additions is given by the 
following: 

If the diameter of the mixing- and clearing- vessel = 1200 mm., 
the area (deducting the area of the mixing-pipe) =112.966 
square decimeters; the quantity of water passing through = 
.416 liter per second, and therefore the velocity of the water is 

.416 -^ 113 = .0036 m. = .4 mm. per second. 

If the diameter of the lime-saturating vessel =680 mm., 
the area of the same is 36.16 square decimeters, and as the 
quantity of water passing through is .083 liter per second 
( = 1/5X.416), the velocity of the water is 

8300X3616 = .02 mm. per second. 

The quantity of water passing through the discharge-pipe 
74 (to the lime saturator) = .083 liter per second, and this must 
carry air along with it. The velocity of rising air i;=2.2 deci- 
meters per second; therefore the velocity of the water must be 
greater than 2.2 decimeters in order to carry the air downward. 
We may assume the area of the pipe to be half as large as 
the area calculated to give the velocity i?=2.2 decimeters. 

Area of the pipe F=^-=^x'^=.018 decimeter. 

Diameter of the pipe 16 mm. 
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The diameter of the downtake pipe for the raw water enter- 
ing for purification (which carries no air with it) may not 
be too small or the annular space of the distributor will 
overflow. It may be assumed as being 50 mm. 

A minimum area is advisable for the water-inlet pipe to 
the soda-ash distributor, or else by not completely compressing 
the air in the air-chamber the supplying of soda-ash will begin 
too late. 

Cost of Operating. 

It would require: 25.8° CaO; 6.7° soda-ash per 1 day = 
10 hours = 10X1.5 cu. m. = 15 cu. m. of water. 

As this water required .258 gram of burnt CaO per liter, 
we have a daily requirement for 15 cu. m. X.258 kg. = 3.87 kg. 
of CaO. 

As 1 kg. of burnt lime in a thick mixed condition makes 
about 4 liters and in thin paste about 10 Uters, the lime-dis- 
tributor must at least contain 10X3.87 = 39 Uters. 

Therefore Kg and Kg must at least contain 40 Uters. 

In order to calculate how large the surface for spreading out 
the soda-ash must be, the daily quantity of soda-ash necessary 
must be determined, as the soda-ash must be distributed evenly 
(for the sake of a uniform soda-ash solution). 

As 6.7° of soda-ash are necessary there are required: 

For 1 liter .067 gramm of soda-ash calculated as CaO; 
'' 1 " .067 Xff grams soda-ash of 100% strength; 
'' 1 '' .127 gram of soda-ash of 100% purity; 
w 1 .. 134 a a a ic 94.78% purity. 

The .134 gram is approximately double the amoimt calcu- 
lated above in terms of CaO. Hereafter we wiU use 95% soda- 
ash and multiply the soda-ash calculated as CaO by 2 for the 
weight of soda-ash required. 

If 1 liter of calcined or anmionia soda-ash weighs 1.5 kg. 
the area of the soda-tank and the depth of the latter may be 
easily calculated. The layer of soda-ash may not be made higher 
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than about 15 mm. or else the solution will not take place 
under three hours. 

In the previous case 15000 liters X. 134° of 95% soda-ash is 
used ; that is, 2000° = 2 kg. 

The 2 kg. placed on the sieve will make a depth of 

sp. g.xF 

jP = the area of the sieve = 56.52 square decimeters, 

2 

f^ = 1 P wgz? gr> = -023 decimeter = 2.3 millimeters, 
1.5X56.52 ' 

which will be the depth of the layer of soda-ash on the sieve of 
the soda-ash trough. 

As 1 kg. of lime costs l^/io cents and 1 kg. of soda-ash 
costs 4 cents the daily cost amounts to 

1.4X3.87= 5.4 cents for lime 
4. X2.0 = 8. '' '' soda-ash 



Total daily cost 13.4, or 13.5 cents.) 

The duration of the purifying processes: 

(a) The passage of the water through the clearing vessel, 
which has an approximate volume of 2400 liters, amounts to 

"777; = — 777; — = 5769 seconds = 1 hour, 36 minutes, 7 seconds. 
.416 416 

(b) The passage of the water through the lime-saturator, 
which has an approximate volume of 908 liters, amounts to 

7r^ = — ^5 — = 10939 seconds = 3 hours, 2 minutes, 19 seconds. 

In case the ground space at disposal is very small and the 
height is so great that the distributor is located in the dormer, 
the type of plants shown in Figs. 127 and 128 recommends 
itself. With regard to the filters the statements concerning 
Figs. 125 and 126 are of value. 
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In Fig. 129 is shown a small railway water-station, in which 
a steam-boiler is located and in which by dividing the over- 
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FiG. 129. 

head reservoirs into two spaces the construction of a water- 
purifying plant similar to Figs. 125 and 126 was effected, and by 
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the installation of a pure-water cistern with an ejector and the 
necessary piping a cheap and mechanical water-purifjdng plant 
was obtained. 




Fig. 130. 



Fig. 131. 
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Fig. 134. 
Figs. 130 and 131 show the designs of a water-purifying 
plant for a manufacturing plant in which the preheating of 
the water is taken into consideration. 
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In this arrangement there are two closed lime distributors 
KgKg, two alternately operating lime-saturating tanks, and four 
pure-water vessels, in each of which one fourth of the total 
amount of water to be purified enters and the mixed water 
therefore rises very slowly, and lastly two sand-filters whose 
washing out is effected by moving perforated screens up and 
down while a stream of raw water enters from below. 

By means of these mechanical devices the sand over the 
whole area is placed in motion, for which reason the washing 




Fig. 135. 



is very complete. The soda -ash distribution is accomplished 
by means of the air-chamber system. 

Figs. 135 and 136 show a water-purifying plant for a 
water-station at which an increase in discharge (from 8 cm. 
per hour to 20 cm. per hour) must be taken into consider- 
ation. The building must remain undisturbed and an out- 
house to the roof was only considered permissible. This con- 
struction of the roof made it possible to place a new mixing 
and pure-water reservoir below the lime-saturating vessel K 
and the distributor V. 
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The lime and soda-ash distributor were placed below on 
the ground floor. Later the air-chamber system was contem- 
plated. . 

The old raw-water reservoir served for a pure-water reservoir. 
The new reservoir was very broad and made with a half-round 
bottom. On this account a very small velocity of the rising 

current was made possible. The quotient -^^-^ = .1; therefore 

the construction was a very economical one. 




Fig. 136. 

Two pumps and a cistern were on hand in a pumping-plant 
placed at a distance from the railway water-station (see Figs. 
137 and 138). The water is forced from one pump into the 
station located higher up, while the second pump is a reserve 
pump. 

The changing of the water-purifying plant into a pressure 
system requires an addition to the building in which ilf , F, V, 
Kzj and Sz are located. Moreover the construction of a cistern 
for the pure water is necessary. The water will be purified 
with lime and soda-ash according to Case 1. The operation 
takes place as follows: The water is forced by a pump into M 
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and mixed with the reagents. The preparation of the reagents 
takes place in the soda-trough S^ placed in the old building 
and the soda-ash is raised by an air-pump operated by steam 
from the boiler of the plant. Here it is very important to 
make the reservoirs M and K very large so that no incrustation 
forms in the pipes carrjdng the water to the point of delivery. 




A decanting pipe will therefore be used for drawing off the 
water, which takes the water from the top surface and therefore 
.allows it to be in the reservoir the longest possible time. 

Figs. 139 and 140 show a water- purifying plant for a 
railway water-station in which the water is purified according 
to Case 2 (page 45), the mixing- chamber is closed, and the pure 
water is stored in the reservoir. 
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The mixing of the raw water with the reagents takes place 
under the whole pressure of the head of water from the ground 
to the top of the pure-water reservoirs placed overhead. There- 
fore an especially good precipitation of the impurities and an 
excellent clarification may be expected. The clearing will also 
be very much assisted by the large area of the closed vessels. 

The caustic soda solution formed from Ume and soda-ash 
while heated will be admitted into an air-pump and raised by 
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Fig. 140. 

steam as shown in Fig. 36, page 109, into the caustic soda dis- 
tributor. 

Figs. 141 and 142 show another solution of the problem 
just mentioned. R is the old resevoir, M is the mixing-reservoir 
which was placed in an annex. 

In the same annex 7, S, and F are placed. As, according to 
Case 2, caustic soda must be used, and as the latter may be most 
cheaply produced from lime and soda-ash, for which the heating 
of the soda-ash solution is necessary, the installation of a 
heating-oven Wt was made. 

The distribution of the caustic soda is effected by the air- 
chamber system. 

If the water must be purified according to Case 3 (page 46) 



232 ANALYSIS AND SOFTENING OF BOILER FEED-WATER, 



ft ri N ' H ■ ■■ » ' ' n" m mij 




^^^?^W- 






^^^^^f^^^^^f^^ 




! K, 



Fig. 142. 
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with caustic soda and soda-ash, then besides the vessels K, 
Sly S^y KS^y sinularly formed vessels Siy Sy,y S^ must be erected. 

The quotient of -rj will be very small, therefore the con- 
struction is a very economical one. 

When a water must be purified, according to Case 3, with 
caustic soda and soda-ash, plants similar to the two following 
must be used for small railway water-stations. 

In the plant shown in Fig. 143, the water is forced by means 




Fig. 143. 



of a pulsometer into the distributor, from which it flows to 
the mixing- pipe Mi and to both of the air-chambers KSy, 
and Sy,, 

The quantity of water flowing through the pipes Vs and 7io 
displaces a similar quantity of caustic soda and soda-ash which 
flows out through the pipes KS2 and S2 and becomes mixed 
in the pipe Mi with the raw water. In the upper part of the 
clearing- chamber, which must correspond in height and width 
to the water pumped per second, is the wood-fiber filter. 

In the plant in Fig. 144 the raw water is forced through 
the pipe P2 into the division of the overhead reservoir and 
flows out of the latter into the pressure regulator and out of 
this over a straight weir distributor to Af^, KS^^y and Sy,, 
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In both air-chambers the water rises steadily and com- 
presses the air within them and the air in the neighboring 
air-chambers containing caustic soda and soda-ash and raises 
an equal quantity of the chemicals to the place where mixing 
takes place. In the chamber M the water thus treated clears 
itself and passes through the filter to the pure-water cistern 
placed on the ground level. From this the pure water will be 
raised into the pure-water division of the overhead reservoir 
and flow from there to the point of delivery to the locomotives. 




Fig. 144. 



While in the plant shown in Fig. 143 a very spacious mixing- 
and clearing- vessel is used, if a pulsometer is used, this chamber 
may be made smaller as in Fig. 144, because the water flows 
slowly from the reservoir W through the pressure regulator D^ 
and over the edge of the distributor through the pipes V2, Vgy 
and 7io. 

In the following Figs. 145 to 158 are shown the intermittent 
system of water-purifying plants for railway water-stations, 
in which the water is pumped from a steam-plant located 
lower down and forced from that to the top of the reservoir. 



INSTALLATION OF WATER-PURIFYING PLANTS. 235 

The performance amounts to 36 cu. m. per hour and the puri- 
fication takes place according to Case 1. The smaller overhead 




Fig. 145. 



reservoirs are old. The wing building contains the larger new 
reservoirs and the rest of the apparatus. 




Fig. 146. 



The plants shown in Figs. 145 to 148 consist of the dis- 
tributor V, the elevated Ume saturators with clarification 
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taking place alternately, the first mixing-chamber placed 
.between the large elevated reservoirs, the wood-fiber filters in 




Fig. 147. 



three parts placed one above the other, the lime distributor 
on the ground floor, and the soda-distributor placed above 
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Fig. 148. 



the reservoirs, into which the soda-ash solution is lifted by 
a hand-pump and the arrangement of the pressure pipes. 
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One of the elevated reservoirs serves as a second mixing- 
and clearing-chamber. The latter is also shown with a funnel- 




FiG. 149. 



shaped bottom on account of the easier removal. of the precipi- 
tates. 




Fig. 150. 

The filters are divided into three parts so that the fiber 
tjan be changed without interrupting the operation. 

The entire manipulation takes place from the ground floor. 
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_,, ,, , K (in kroners) . „ , 

Ihe quotient ^ .. — y- — ^ is very small, because pure water 

may be drawn from both elevated reservoirs, and is .15. 




Fig. 151. 



In Figs. 149 to 152 the first mixing-chamber is dispensed 
with. The mixing takes place in one of the new elevated 




Fig. 152. 



reservoirs, the latter being placed higher than the old elevated 
reservoirs, so that a sufficient overpressure is produced for the 
Krohnke sand filter used. 
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The soda-ash distribution is effected as in Figs. 145 to 
148. In Figs. 153 to 156 all four elevated reservoirs are used 




Fig. 154. 



as pure-water chambers and the mixing of the water with the 
reagents is effected in two closed mixing-tanks MM arranged 
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Fig. 155. 




Fig. 156. 



i 
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under the former. In like manner the lime is placed in twa 
closed vessels below these and the water admitted alternately ta 
one or the other lime saturator. 

The soda-ash distribution is effected by the air-chamber 
system. The air-chambers and the soda-ash trough are arranged 
below the lime saturators. 




Fig. 157. 



The lime distribution is likewise operated alternately^ 
The filters are sand filters and are located above the elevated 
reservoirs. They are washed out by means of mechanical 
stirring devices with a stream of water from below. , 

On account of the construction the water rises uniformly in 
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both closed mixing-chambers and the overflow to the filters is 
achieved. 

In Figs. 157 and 158 the filters are placed in the lower part 
of the mixing-chambers, and these may be sand filters (as shown) 
or wood-fiber filters. 

The washing out of the filters may take place where sand 
is used without steam by means of a stream of water carry- 
ing air with it. This will not stir up the whole area of the 
sand, depending on the design so uniformly as if a mechanical 




Fig. 158. 



stirring took place, yet the action is not as bad as with the 
Reisert filter. If we would improve this action, we must 
bring the pipe for the inlet of the water, to be mixed in the 
mixing-chamber, to the lowest point of the latter and use a 
stirring-arm in the filter. 

In Fig. 159 is shown a plant in which decanting-pipes were 

lo- 
used on account of decreasing the quotient j^. The soda-ash 

distributing-tanks are separated from the lime-saturator. The 
wood-fiber filters are cylindrical. 

The lime-saturator was placed on iron beams, which were 
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Fig. 159. 




Fig. 160. 
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supported on columns. In this plant the tanks could be 
arranged separately or grouped as desired, which form of 
installation adapts itself to the space at a factory which would 
not permit of an assemblage of all the separate parts in one 




Fig. 161. 



place on accoimt of want of space or on account of the 
size. 

In Figs. 160 to 168 is shown the reconstruction of a water- 
purifying plant of the Berenger system. 

From the ground plan of Fig. 162 it may be seen how the five 



INSTALLATION OF WATER-PURIFYING PLANTS, 245 

high Berenger mixing- and clearing-tanks are placed in the 
fore part of the octagonal water-station building. 

In case the condition of the latter permits a wider appUca- 
tion, the middle one of these Berenger tanks will be used as a 
mixing cylinder, the ones next to it as llme-saturators, and 
the outside ones as clearing-chambers. Under one of the 
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Fig. 162. 



elevated reservoirs present and below the opening of the present 
arches would be erected a high mixing-chamber closed on top, 
in whos3 uppermost part a wood-fiber filter divided in four 
parts would be built. 

In order to have the whole area of this mixing-chamber 
effective and to have the velocity of the rising current practically 
equal over the whole area, four overflow pipes (see Fig. 161) 
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capable of being regulated must be used. The liquids over- 
flowing from the same enter each of the four divisions of the 
filter, from which they then flow through a pipe connected 
to the topmost point of the filter into the four large pure-water 
chambers. By means of the installation of the overflow-pipes 
the quantity of water flowing through may be sufficiently 




Fig. 163. 

-equalized and the velocity of the rising current will be made as 
uniform as possible over the whole area of the clearing-chamber. 

In the three remaining rooms under the elevated reservoirs 
would be located the steam-pump together with the stores of 
coal, lime, and soda-ash, while one of these rooms must be 
reserved for the installation of the Ume and soda-ash distributing 
devices. 
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According to Figs. 163 and 164, in which only three Berenger 
tanks are used, the lime-distributing chambers are placed in 
the place of the middle mixing-chamber. The left-hand clearing- 
cylinder is dispensed with and the lime-pit is put in its place. 

In the first type the Ume-saturators are lengthened above 
in order to obtain the proper fall and are open; in the latter 




Fig. 164. 



type th^y are closed and shown with communicating uptake 
pipes. 

In Figs. 165, 166, and 167 the problem of reconstruction is 
so solved that, as in the previous cases, the soda-ash distribution 
takes place in one of the four rooms under the overhead reservoirs, 
that the lime-distributor will be arranged behind the two lime- 
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Fig. 165. 




Fig. 166. 
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saturators, and that a closed Krohnke filter will be used. When 
the latter can be placed on top, it may be a Krohnke periphery 
filter. In order to obtain the higher pressure for the Krohnke 
filter the lime and soda-ash chambers must both be correspond- 
ingly elevated or arranged to be closed. 

One such closed arrangement is shown in Figs. 157 and 158. 
In all cases the lime-saturator will be operated alternately 
by means of a tilting vessel and the air-chamber system will be 




Fig. 167. 



used for the soda distribution, as only by these means is it 
possible to have the preparation of the soda-ash take place on 
the ground and elevate it to the distributor. 

In railway water-stations for which the water is taken 
'from a river, it often occurs that a passage leading to the 
cistern exists whose area is too small to be used as a gravel 
filter. 

Fig. 168 shows how a sand filter can be built in this passage 
without great expense. It is accomplished by building in a 
transverse wall, putting in cross-beams for supporting the 
perforated plates and the installation of the required pipes and 
valves, which make it possible to direct the passage of the 
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water and the washing out of the sand. The river-water, if it 
is pure, can enter directly behind the transverse wall into the 
cistern; but when it is polluted, it passes through the layers of 
sand from the top to the bottom and the necessary difference 
in pressure is produced by pumping from the cistern. For 
washing out the sand filters water will be brought from the 
pipe overhead, carried by wooden or iron supports so arranged 
that the vertical pipe placed with its mouth under the sand 
will carry along air, stir up the sand and wash it. 

The stirring up of the entire surface of the sand will be 
aided by means of a stirring-screen operated by hand. 



CHAPTER XII. 

REPORT ON WATER SOFTENING BY THE SOCIETY OF 
GERMAN RAILWAY MANAGERS. 

German Railway Managers' Report. 

The report of the technical committee of the Society of Ger- 
man Railway Managers on the question, Which method of 
purification of boiler feed-water has shown itself best by long 
use? is of special interest. 

This report was rendered on the part of the Austrian North- 
western Railway, and is open for inspection in the 13th sup- 
plementary volume of the Organ fiir die Fortschritte des 
Eisenbahnwesens (Organ for the Advancement of Railway 
Affairs). 

As it is of special value in connection with the criticism of 
water-purifying plants for railways, it is here given as follows: 

Report on the Answer to the Question, Group VII, No. 5, 

Feed-water. 

Which system of purifying boiler feed-waters has shown 
itself the best by long use? 

Answer. The Austrian Northwestern Railway. 

This question was answered more or less by twenty managers. 

A, Of the twenty managers, in more than fifty cases, eighteen 
used the chemical system of water-purification based on StingPs 
logical method of precipitating the calcium, magnesia, and iron 
out of the cold water, before entering the boilers, by means of 
special machines. 

The managers^ report is as follows: 

1. Grand Duchy of Baden National Railway. It has had 

252 
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in operation three large plants of the Reisert-Dervaux systems 
at 

Lauda Station 20 cubic meters capacity since 1893, 

Heidelberg Station 60 ' ^ '' . '' '' 1897, 

Osterburken Station 20 ' ' ' ' '' '' 1900, 

as well as smaller plants of the same system in the electric 
plants of Mannheim, Brucshal, and Karlsruhe. 

In the stations at Heidelberg and Osterburken the exhaust 
steam of the steam-pump is used for heating (insufficiently) 
the purified water. 

The water- purification system is of great advantage, so 
long as, with the softening, the hardness does not go below 9° 
German. 

2. Imperial Bavarian National Railway. It has large water- 
purifying plants, of the Reisert-Dervaux, Humboldt-Gaillet, and 
Desrumeaux systems, at the Augsburg, Ingolstadt, Landshut, 
Plattling bei Ulm, Wiirzburg stations, and several smaller 
plants in operation with success. 

3. Liibeck-Buchener Railway Co. The boiler feed-water is 
submitted to a chemical purification according to the method 
of Dehne. It is not, however, satisfactory in practice. The 
very hard water is made suitable for use. 

4. K. E. D. Berlin. It has used a plant on the Reisert- 
Dervaux system, for three years at the Stettin Railway Station 
in Berlin and for two years a plant of the Dehne system at 
the Potsdam Railway Station in Berhn. Both machines have 
proved themselves satisfactory on the whole; yet, until the 
present period of operation is closed, this cannot be known. 

5. K. E. D. Breslau. They have had installed for a short 
time a small plant of an unnamed system. The pecuHar con- 
ditions of its operation will not allow of a conclusion as to its 
general application. 

6. K. E. D. Cologne. The patent water-purifiers of Reisert- 
Dervaux and Desrumeaux-Kyll have proved themselves satis- 
factory for a long period. 



254 ANALYSIS AND SOFTENING OF BOILER FEED-WATER, 

7. K. E. D. Erfurt. The boiler feed-water purifying plant 
on Dehne's system has proved itself satisfactory. Other 
devices are not in use to an extent worth speaking of. 

8. K. E. D. Hanover. They have used the purifying system 
of Reisert-Dervaux, and in one plant the Dehne system, with 
good results. This management expressed no definite opinion 
on the Reichling system. 

9. K. E. D. Madgeburg. Until now, they have only had 
several water-purifying plants of the Dehne system. They 
alluded to the manipulation of the filter-press requiring much 
time, to the inconvenient removal of the refuse, and to the 
rapid wearing out of the filter-clothes. 

10. Imperial Saxon State Railway. They have in operation 
in all, at six different locomotive stations, water-purifying; 
machines of the Berenger-Stingl system. 

Three of these devices were out of service on account of 
obtaining a better water. 

One machine was used for the clarification of the soft river- 
water before use. 

One machine was used since 1884 to take out the iron from 
750 to 800 cm. of water daily. 

One machine served for the chemical precipitation and 
removal of calcium salts. 

Both machines used for the chemical purification have 
proved satisfactory. 

11. Imperial Wiirtemberg State Railway. Has six purify^ 
ing plants at present, — five Reisert-Dervaux and one unnamed 
system. The plants deliver from 15 cm. to 500 cm. per day. 
They have been in operation since 1900 and 1897. 

It is intended to steadily and consistently build water- 
purifying plants on the railway projected to Metz. 

12. K. K. Emperor Ferdinand's Northern Railway. Since 
May, 1900, a plant of Wehrenfennig's system has been ia 
operation, which up to the present has worked without stopping, 
and accompUshed the improvement of the feed-water striven, 
for with success. 
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13. K. K. Government Railway. The latter gives the prefer- 
ence—among the purifying plants investigated, which were the 
systems of Dervaux, Reisert-Dervaux, Dervaux-Wehrenfennig, 
a,nd Desrumeaux— to that of Reisert-Dervaux. 

14 and 15. K. K. Austrian Northwestern Railway and 
Southern-North German Junction Line. From 1870 to 1878 
they had in operation two plants of the Berenger-Stingl system, 
one at Caslau of 9.5 cm. capacity, and one at Vienna of 15 
cm. capacity, as well as two plants of Wehrenfennig's system, 
one at Zellerndorf of 18 cm. capacity, and at Josefstadt of 10 cm. 
<5apacity. These plants have proved themselves satisfactory. 

16. Austrian-Hungarian National Railway Co. A large 
apparatus of the Berenger-Stingl system for purification of 
boiler feed-water has been in operation for many years at the 
Vienna Station, which has always proved satisfactory. 

A smaller apparatus of the Dervaux system is in use at a 
larger boiler-plant, and also gives satisfactory results. 

17. K. K. Southern Railway Co. Has one apparatus of the 
Berenger-Stingl system, but which has became insufficient on 
account of the increased demand for water; the reconstruction 
of this plant is under consideration. By means of a purifying 
plant of Wehrenfennig's system at a smaller station, the forma- 
tion of scale is greatly diminished, and the destruction of the 
valves of the injectors has been prevented since the installa- 
tion of this method of purification. 

18. Imperial Hungarian National Railway. Water-purifying 
apparatus of the Berenger-Stingl system is used at the Uszog and 
Pecs stations. The water becomes entirely free of precipitate 
and is softened for use. 

At the Cis-Czell station an apparatus of the PoUacsek system 
is placed which softens a water of 30° to 14.6° of hardness. 

B. Plants in which soda-ash and caustic soda are added to 
the tanks of the water-stations. 

1. The Imperial Hungarian National Railway mixes caustic 
isoda in the raw water in the water-tanks of seven stations 
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where the water-consumption is small. The raw water stands 
5 to 6 hours after being stirred up with the caustic soda, so 
that the precipitate can settle to the bottom. 

The precipitate must be often removed, in order to prevent 
the stoppage of the outlet pipe. 

2. The Holland Railway Co. The treatment has proved 
itself satisfactory. 

3. The Company for the operation of the Netherland National 
Railway. Special devices are not used. 

C. Additions of soda-ash as well as caustic soda are added 
to the water in the tenders with success, where the raw water 
is high in gypsum, by the National Railway of the Grand Duchy 
of Baden, as well as the Imperial Hungarian National Railway, 
which latter express themselves as perfectly satisfied, on the 
whole, with the results as well as the insignificant cost. The 
K. K. Austrian Northwestern Railway and Southern-North 
German Junction Line has used soda-ash and caustic soda 
treatment in the tender-water at several stations. 

The Austrian-Hungarian National Railway Co. in general 
employ the addition of chemicals to the feed-water. 

D. The Imperial Hungarian National Railway Co. intro- 
duces soda-ash, dissolved in warm water, into the inside of the 
boilers after the boilers are washed out, by which the old scale 
is dissolved, the formation of new scale is prevented, and the 
spongy, flaky precipitate formed is removed by means of the 
wash-water. The addition of mineral oil to the boiler-water is 
being investigated at several stations. No report of the result 
is to be obtained. 

The Imperial Bavarian National Railway, and the Imperial 
Saxon National Railway, and the Austrian-Hungarian National 
Railway Co. strive to obtain soft feed-water by means of 
pumping surface-water. 

The latter management also obtained soft water by deep 
wells, which, for example, has been done with success in 
Bavaria, at Munich, and Niirnberg. 
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F, The Imperial Saxon National Railway improve their 
turbid river-water at one station by mechanical clarification, 
and the Liibeck-Biichener Railway Co. use the same means at 
two stations. 

G. The Imperial Saxon National Railway Co. sought to 
prevent the accumulation of scale by means of frequent 
blowing-out of the boiler-water (between the regular periods 
for cleaning). 

Regulation of the Devices used for the Chemical Purification 

of Water. 

On the regulation of the water-purification several managers 
give only general suggestions. 

The Grand Duchy of Baden National Railway, for example, 
exhibit the open and closed regulation of the Dervaux 
machines on a water-purifying plant of 60 cm. capacity, 
which consists of two separate machines, each of 30 cm. 
capacity. 

For the distribution of the reagents they use the closed 
lime-tank (placed on the ground level) at the stations at Lauda 
and Osterburken and open lye-reservoirs; at the Heidelberg 
station they use the open regulation, and introduce the lime 
into a mechanical stirring device. The requirements of the 
lime and soda-ash are met by a pump. 

In stations at Heidelberg and Osterburken, gravel-filters 
are used, which are washed out by means of steam, air, and 
water. 

The K. E. K. BerUn remarked that the purification of 
water by their Dervaux apparatus was completed in open 
reservoirs, and by their Dehne system in closed chambers, by 
filter-presses. 

The K. K. Austrian Northwestern and Southern German 
Junction Railway presented sketches of the regulation of their 
water-purifying devices, and gave a description on the length 
of time required by the water (which has so much influence 
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•on the results of purification) to pass through the clearing- 
tank; on the velocity of the rising current of water in the latter; 
on the manner of preparation and the measuring of the re- 
agents; the clearing height; the employment and manipulation 
of the wood-fiber filter; and whether the manipulation is from 
above the reservoirs or on the ground level; and whether the 
water-purifying device required buildings or not. 

The Imperial Wiirtemberg National Railway uses sand and 
wood-fiber filters with their Dervaux apparatus. 

The Imperial Hungarian National Railway report that in 
the PoUacsek system the purification-tank^ are built in the 
inside of the water-reservoirs. 

Removal of the Precipitated Material from Purifying Devices. 

Grand Duchy of Baden National Railway. The precipitate 
produced in the water-purifying plant is collected in a drain, 
in the waste-channel, or in the lower part of the reservoir, to 
which it settles. The water standing above flows constantly 
to the purifier. 

K. E. D. Magdeburg. The removal of the refuse (Dehne 
system) is inconvenient. 

Imperial Wiirtemberg National Railway. With their water- 
purifying plants, in which caustic soda only is used, qply a 
small amount of refuse is created, about .3 Uters per cm., 
while in water-purification with Ume and soda-ash a con- 
siderable quantity (1.5 liters per cm.) of precipitaties was 
thrown down. 

The precipitate discharged from the plant is scooped out 
regularly every six to eight weeks and carried away. 

The removal of the precipitate usually occasions the greatest 
difficulty. In one plant a slime-pump, operated by three 
men, is in use. Later, a device for raising the sUme was 
gotten up. 

Imperial Hungarian National Railway. The removal of the 
.precipitate from the water-station reservoirs, where the water 
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is treated with caustic soda, must be made frequently, in order 
to prevent stoppage of the discharge-pipe. 

Results of the Chemical Purification of Water in the Preceding 
Stationary Plants. 

Only a few companies made more or less complete reports on 
the character of the raw water, the amount of additions, the 
degree of softening, and the alkahnity of the pure water, as 
may be seen in table (pages 264 and 235). 

The Grand Duchy of Baden National Railway set the Umit 
of softening at 9° German, because a greater softening causes 
foaming; the trifling heating, which is imparted at Heidelberg 
-and Osterburken by means of the exhaust steam from the steam- 
pump, is not sufficient to effect any considerable precipitation 
of Ume. 

The K. E. D. Hanover keeps the soda-ash addition 25% 
below the permissible amount, in order to prevent foaming, 
but adds so much saturated lime-water that the Ume-salts are 
removed as completely as possible. 

Imperial Saxon National Railway. A test of the water is 
made periodically, as follows: 

1. By the addition of a small amount of oxalate of ammonia, 
in order to see to what extent the purified water is free of 
calcium. 

2. By the addition of several drops of phenolphthalein, in 
order to determine that the purifying chemicals have not been 
used in excess. 

The K. K. Austrian Northwestern and Southern North Ger- 
man Junction Line report that the degree of softening depends 
on the strength of the raw water in magnesia, and that the 
accuracy with which the reagents were measured, the size of 
the settling-chambers of the clearing-tank, the time required 
for passage of the water through the former, and the rate of 
velocity of the rising current of water in the former, as well as 
the filtration, all were of influence on the resultant purification. 
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They also made full reports on the characteristics of the 
raw water which are necessary for the calculation of the reagents 
(see Organ, 1893), and to thereby diagnose the characteristics 
of the pure water, and, in addition, the amount of the total 
hardness, as well as that of the alkalinity thus produced (meas- 
ured by the titration of 56 c.c. of water with 2/10 normal HCl 
with phenolphthalein used as an indicator). 




ii '- X '- 



Fig. 169. 

Explanation of Letters in Figs. 169-171, 

R^ Tank for pure water; 
Mk, *' " clarification; 
Mm, " " mixing; 

F, Filter; 
VWf Distributor for raw water; 
Vm, *' *' prepared water; 

K, Chamber for preparation of lime-water; 
KS, Reagent water-chamber; 

Slf Chamber for preparation of soda-ash; 

Sz, Soda-ash distributing-chamber; 
Dky Pressure-regulator for lime-water; 
Dks, " '* caustic soda; 

Kp, Pump for reagent water; 

A, Removal of precipitate. 

N.B.— Reservoirs R, Mk, M were already on hand for carrying on the 
water-purification. 
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These tests of the purified water were then completed by 
the addition of oxalate of ammonia to determine if the purified 
water was free from lime, and by the addition of lime-water, in 
order to see if no excess of lime-water or soda-ash is present 
(see Organ, 1893). 

First Cost of Purifying Plants. 

Imperial Saxon National Railway. A not inconsiderable 
cost is connected with water-purifying plants. 

Imperial Hungarian National Railway. The cost of water- 
purifying plants of the Berenger-Stingl system is high. 




Fig. 170. 



K. K. Austrian Northwestern Railway and Southern North 
German Junction Line. As a result of the design of the 
plant at Zellerndorf * (Fig. 169) and at Josefstadt (Figs. 170 and 
171), both after the Wehrenfennig system, they were both built 
in the existing water-station buildings and tanks, and therefore 
no expenditures were required for buildings or clearing-reservoirs, 
by which a considerable cheapening of the plants was made 
possible. 



* See, also, Organ, 1899, Vols. X and XI. 
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Cost of Operation and Attendance of Water-purifying Plants. 

Grand Duchy of Baden National Railway. It consists chiefly 
of the cost of the materials, lime and soda-ash, which amount 
to 2.5 pfennigs per cubic meter. ($.006 for 262. gals.) 

At three stations equipped with water-purifying plants 
the pump-runner takes care of the work of adding the lime and 
soda-ash, so that no further increase of daily operating expense 
is caused. 



^ssazssmimmzzmssB^^mBBm 




wyM//mMmm^ 



Fig. 171. 

The charging at Heidelberg and Lauda takes place three 
times a day. Additional help is only required twice a year 
for cleansing the lime-saturator and apparatus. At the Heidel- 
berg and Osterburken stations, gravel-filters are in use, which 
consume steam and water for washing out. 

K. E. D. Magdeburg. The filter clothes used for water- 
purification in the Dehne system are quickly worn out. The 
manipulation of the filter-press is very tedious. The removal 
of the refuse is inconvenient. 

Imperial Saxon National Railway. A considerable cost is 
connected with the plants. 

Imperial Wiirtemberg National Railway. The removal of the 
precipitates is connected sometimes with a considerable cost. 
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Each cubic meter of purified water costs 2 to 2.5 pfennigs, 
according to the hardness of the water. (2 to 2\ cents per 1000 
gals.) 

With water purified with caustic soda alone, the cost per 
cubic meter is about 1.2 pfennigs.. ($.012 per 1000 gals.) 

The personnel is of little consequence, so long as the 
additions are looked after by the operator of the pumping- 
or fire-room. 

K. K. Government Railway. The cost of purification on 
the average is two farthings (heller) per cubic meter. (2 cents 
per 1000 gals.) 

K. K. Austrian Northwestern and Southern North German 
Junction Railway. The cost of purification, without the attend- 
ance, actually amounts to, — 

in Vienna 5.5 cents per 1000 gals. 

'' Caslau 7.3 '' '' '' '' ' 

'' Zellerndorf. ..3.9 '' '' '' '' 
'' Josefstadt. . . . 5.6 '' '' '' '' 

The changing of the wood-fiber takes place every three to 
six weeks, and increases the cost of each cubic meter about 
.3 farthings (heller). ($.003 per 1000 gals.) 

The Austrian-Hungarian National Railway Co. The opera- 
tion of the purifying plants is always accompanied with a 
considerable cost. 

Imperial Hungarian National Railway. A special staff of 
attendants is necessary for the water-purifying plants of the 
Berenger-Stingl system. 

Beneficial Influence of the Pure Water on the Operation of 

Boilers. 

Grand Duchy of Baden National Railway. The leaky tubes 
and stay-bolts have been greatly lessened. 

The fire-tubes are entirely empty, and only a flour-Uke lime- 
powder, easily washed off, lies on the fire-box. 

By its use a better conduction of heat and a larger life 
of the heating surfaces is obtained. 
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Interruption of the operation on account of leaking tubes 
is largely done away with. 

On economy of fuel no data can be given. 

K. E. D. Breslau. The expenditure for the repairs to 
boilers is lessened by water purification. 

The necessary outlay on account of the purification will 
be more than counterbalanced by better utilization of the fuel 
and by higher yearly efficiency of the locomotive. 

Imperial Wiirtemberg National Railway. With switching- 
engines which are only filled with purified water, general 
repairs are seldom needed, and only in the rarest cases are the 
tubes taken out. The stay-bolts are full size. The daily 
leaking of tubes and thinning (corrosion) of the fire-box b 
done away with. 

In locomotives, which are filled with both purified and 
impurified water, scale-formation has been hindered and only 
slime forms, which may be removed by washing out every eight 
to twelve days. 

The labor on the fire-box is lessened. Economy of fuel 
is effected. 

K. K. Southern Railway. Since the introduction of water- 
purification, the destruction of the valve-cases of the injectors, 
which formerly took place after a brief period, has been done 
away with. 

Disadvantageous Influences of the Pure Water on the 
Operation of Boilers. 

Grand Duchy of Baden National Railway. Large additions, 
especially of soda-ash, with the heating in the locomotive 
boiler cause a violent foaming, which, with the splashing and 
spitting of the locomotive, cause a strong priming of water 
into the steam-chest and cylinders, as well as a deposit of 
lime on the slide-valve and surface of the cylinders, which 
again causes greater friction and scoring. 

It was originally caused on accoimt of the claim of the 
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Reisert Company that the hardness of the water would be 
reduced to 4°. As a result of the large soda-ash additions, and 
on account of the great delays and interruptions to the opera- 
tion caused by the disturbance of the water, it was made 
necessary to keep the blow-off valve open fo(r a long period. 

For the last three years, such disturbances have not taken 
place, but the hardness is not brought down below 9°. 

For this reason the water in the boiler is not made too 
strongly alkaline, but it must be let out at least every eight 
days. 

As the freight trains are suspended on Sunday, the addi- 
tion of lime and soda-ash is omitted from early Sunday evening 
until Monday noon, because it has been proved that, m the 
water resting over Sunday, the most strongly alkaUne part of 
the former settles to the lower part of the reservoir, so that 
the locomotive, which first takes water on Monday, obtains the 
most strongly alkaUne water and foams. 

K. E. D. Hanover. As drinking-water, and as water for 
animals, the water piu-ified with chemicals is not free from 
objections. 

Conclusions. 

All systems for making scale-forming feed-water more suitable 
for use by treatment with lime, soda-ash, or caustic soda (in 
suitable mixing and clearing devices), or with soda-ash as 
well as caustic soda in the water-station tanks, the tender- 
tanks, or in the boiler itself (without special devices), have 
effected a substantial softening of the water, and a satisfactory 
improvement of the operating conditions and on the mainte- 
nance of the boilers. 

(On the results of the use of mineral-oil additions to the 
boiler-water, reports are lacking.) 

The degree of the improvement described above is dependent 
on, — 

(a) The characteristics of the raw water (its changeable- 
ness, its strength in magnesia, its temperature). 
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(6) The period of time during which the chemicals are 
stirred with the water to be purified. 

(c) The pressure under which this occurs. 

(d) The uniformity of the strength of the reagent liquids. 

(e) The proper measurement of the reagents, and 
(/) The reliability of the attendant. 

With a continuously similar character of raw water, with 
an always uniform strength of the reagents in effective material, 
with a long period of continuous, uninterrupted operation of 
the water-purifying plant, and with the use of properly pro- 
portioned additions for the given case, the best results of the 
cold purifjdng process may be expected. 

This is. particularly true if the purifying process is aided 
by a sufficient heating of the raw water, but this cannot, for 
example, be accomplished by exhaust steam. 

It appears, in addition to the above, that, where the character 
of the raw water requires the purification with caustic soda only, 
an especially satisfactory result is obtained; while raw water 
with a high content of magnesia permits of no very complete 
softening, as in this case the pure water causes foaming in the 
locomotive. 

The volume of the purifsdng apparatus is essential to the 
result, as this determines the relation between the quantity 
of water entering each second or each day, to be purified, and 
the thickness of precipitate thrown down. 

A comparison of the worth of the various purifjdng devices 
to each other, based on this report, is not possible, because 
most of the companies have not made any statement on the 
character of the raw water, the volume of the machines, the 
duration of the uninterrupted daily operation, arid because 
a statement was only received from one company on the 
strength of alkali remaining in the pure water. 

Further, only a few replies were made on the regulation, 
the removal of the precipitate, the result of purification, the 
testing of the pure water, the cost of the plant and cost of 
operating, as well as the attendance; but, from the statements 
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made, so much may be stated, that in recent times the value 
of a purifying plant will depend, — 

1. On the relative cost of a soft natural water, if this is 
only obtainable at high cost, either from surface sources or 
deep wells, whether the installation of water-purifying plants 
is desirable or not; 

2. On a good previous clarification for increasing the period 
of operation of the filter, and to obtain a good filtration. A 
good clarification is also necessary in order to keep the delivery- 
pipes clean; 

3. On correctly made tests on the alkalinity of the pure 
water; 

4. On frequent changes of the water in the boiler; 

5. On cheap first cost of the apparatus, now generally 
quite expensive, by building it in the water-tanks; 

6. On cheap and easy manipulation by the preparation of 
the chemicals on the ground level; 

7. On a simple definite distribution through the employ- 
ment of a weir properly divided; 

8. On simple means of removing the precipitate. 

Under all circumstances a beneficial influence of water- 
purifying plants will be noticed on the maintenance of the 
fire-box, tubes, and injectors, on the economy in consumption 
of fuel, and on the yearly service of the locomotives. 

In conclusion it must be noted that the purified water is 
not free from objections as a drinking-water and water for ani- 
mals. 

In most cases of mechanical pollution of water, filter-plants 
suffice. 



CHAPTER XIII. 

METHOD OF TABULATING DATA. 

It is recommended to always tabulate a detailed accoimt 
of the origin of the water under consideration, its physical and 
chemical characteristics, its action on the boiler, its method of 
acting, and its chief use, etc., in the following manner. 

Data Regarding Sampling of Water. 

No. . 

I. HISTORY OF THE SAMPLE. 



Progressive number of water sample: 




Data regarding the taking of the sample- 




Designation of 


If flowing (spring-, brook-, river-, 
pond-, or well-water): 


• 


the water: 


From what place it was taken, if 
several samples are obtained: 




Surroundings of the spring: 




Manner of con- 
veyance: 


If in wooden or iron pipes, in 
open channels, or in any othei 
manner: 




State of the weather 


at the time of 
taking sample: 




Temperature of the water 




Condition of the water (high, 
medium, or low water) 
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Any harmful additions in the immediate neighborhood. Origin of the 
above practice. Kind of these pollutions and factories causing same. 



Taste 


of the water: 




Smell 




Color 





Special remarks with reviews on the use as feed-water: 



If, and in what way, and to what extent, the iron parts of the pump or the 
water-reservoirs or the plates of the tenders are attacked by the water: 



If the water conduit-pipes are stopped by hard incrustation, by algse, or 
by easily moved slime, in what manner and to what degree : 



If the water is already clarified, purified, or filtered in any way: 



If the Water-station boiler or the other boilers fed with this water are cor- 
roded, in what way, in what places, and to what extent : 



Special notes in regard to the behavior of the water: 



If a boiler feed-water preheater is present for the water-station boiler: 
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Daily number of hours of operation of the 
water-station boiler: 








Yearly hours of operation of other boilers 
fed with this water: 





Characteristics of the 
boiler-scale or boiler- 
slime: 



Color: 

Quantity: . . 
Consistency: 



Total water 



Inlet 



Demand 



per 24 hours: 



Demand for 
water in 
24 hours: 



(a) for feeding boilers: 

(6) for washing out boilers:. 

(c) for miscellaneous uses:. 

(d) for drinking-water:. . .. 



II. CHEMICAL CHARACTERISTICS OF THE WATER. 



Reaction of the raw water: 



Reaction of the heated water: 



In 100 Liters =100,000 Grams of the Raw Water there is contained: 





Grams. 




Grams. 




Actual. 


Calcu- 
lated as 
CaO. 


Actual. 


Calcu- 
lated as 
CaO. 


Bound carbonic acid 






Calcium 






titration with V,o 
normal HCl 


Magnesia f deter- 1 
Iron oxide -j mined ^ 
Alum, oxide [ together J 
Ammonia 










Sulohuric acid 








Chlorine 








Nitric acid 












Nitrous acid 








Hvdrocren sulohide. . . 

















Acids calculated as calcium (CaO) : . 
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Organic substances, and organic substances reauiring oxygen contained in 
100,000 grams of water in permanganate of potash, in grams. Residue 
by evaporation (obtained by evaporation of 2 liters of water) per 100 
liters: 

Color and character of same: 



Amount of iron in hot water:. 



Amount of iron in the boiler-scale or precipitate (in water-station boilers) : 



Appearance of the 
water on boil- 
ing: 



Coloration: 

Precipitation: 

Coating of the heating-flask: 



Alkalinity (titration of 100 cu.m. of water with Vi© normal HCl. Amount 
of cubic centimeters of latter used) : 

Total hardness in German degrees (1 German degree corresponds to 1 part 
CaO in 100,000 parts of water *) calculated from the sum of the CaO and 
the magnesia, oxides of iron, and alumina calculated to CaO: 



Total hardness determined directly in German degrees of hardness with soap 
solution according to Clark's method: 



Permanent hardness (according to the old method) in German degrees of 
hardness with soap solution according to Clark, found by the heatine of 
raw water and filtering (diluted with distilled water and evaporated to 
the original volume): 



Permanent hardness (according to the new method): difference between 
total hardness and alkalinity X 2.8: 

Temporary hardness, difference between total and permanent hardness 

(according to old method) : 

Temporary hardness: Alkalinity X 2.8 (according to new method): 



Bound carbonic acid in the boiled and filtered water as in the determina- 
tion of the permanent hardness, found by titrating with */,o normal HCl; 



♦ 1 GeiToau degree of hardness = 1 25 English =» 1 .79 French degrees of hardness 
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The Permissible hLimits for Drinking-water are (Grams in 100 Liters 

=-100,000 Grams): 

According According According 
to to to 
For Organic sub- 
stances Reichardt .4 Kubel .8 Pettenkofer 1.0 

' * Ammonia *' .0 

" Nitrous acid. . " .0 

' ' Nitric acid. ... " .4 Dr. Fischer 2.70 Dr. Medicus .5-1 .5 

*' Chlorine *' .2-. 8 '* *' 3.55 '' '' 2-3 

'' Sulphuric acid '* .2-6.3 '^ '' 8.00 ^' *' 8-10 
*' Hydrogen sul- 
phide '' .0 

'* Magnesia Schuhe 10. " '* 4-5 

'* Calcium Dr. Fischer 18.-20-25 (The larger amounts are obtained 

by weighing the contents in 
bicarbonate of calcium.) 
V Residue on 

evaporation **" 10.-50 
The water must further be clear, colorless, and odorless; the tempera- 
ture may only vary a few degrees in different seasons of the year, and it 
may onl^r contain a small amount of organic material and no organisms of 
putrefaction. Microscopic examination is necessary. 



III. RESULTS OF THE COLLECTION. 



IV. INDEX 
OF THE Disposal of the Water from. 



Date. 


Year. 


Record Number. 


Subject. 














. 
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Acid, hydrochloric, 18, 26, 70 

nitric, dissolved in rain-water, 1 
normal solution, 18 
use of, 68, 77, 81 
Action of water on rocks, 2, 3, 4 / 

Adaptation of softening-plant to Wehrenfennig's system, 203, 204, 208, 209 

220 
Adjusting soda-distributing device, 112 
Agitation, air, 92, 96, 97, 101, 180, 181 
hydraulic, 96 

mechanical, 35, 38, 95, 107, 180 
Aids to clarification, 165, 166, 196 

precipitation, 165 
Air contained in water, 96, 97 

regulator, 114, 206, 220, 224, 249 

calculation of size, 114, 219, 220 
design of, 114, 219, 220, 221 
stirring, 92, 96, 97, 101, 180, 181 

oxygen in water from, 97 
use in determining hardness, 13, 74 
velocity of rising, in water, 97 
Alcoholic solution of caustic soda, 22, 26 
Alizarine, 15, 27 
Alkalimetry, 17 
Alkaline water, analysis of, 62 

effect on boiler, 63, 65 
treatment of, 62 
Alkalinity, 9, 10, 15, 72, 74, 75, 76, 118, 171, 189 

test of, 72, 75 
Ammonia dissolved in rain water, 1 

soda ash, 107, 222 
Analysis of waters, 6, 7, 56, 62, 79, 80, 97, 157, 168, 171, 172, 197, 212, 264, 
265 

275 
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Analysis, water, 11, 164 

Anderson, Harris, distributor and saturator, 87, 97 

Application of Kalmann's formula, 51, 66 

Pfeifer's formula, 61 
Archbutt-Deely system, 158, 161, 173 
Artesian-well water, 7, 64 
Artificial precipitate, effect on clarification, 165 
Attendance on machines, 76, 200, 201, 262 
Automatic by-pass, 195 

Barium chloride solution, 24, 30 

treatment, 9, 44 
Basis of water-softening, Stingl, 44, 128 
Behavior of copper in treated water, 63 

magnesium chloride in boiler, 165 
raw water, 81 
treated water, 78 
Beneficial effect of pure water on boiler, 263 
Berenger, 128 

and Stingl, 128, 136 
distributor, 90 
filter, 132, 134 

system; Austrian Northwestern Ry., 137, 138 
Brand and Lhuellier, 136 
Caslau, 130, 132 
Modling, 130 
test of, 125. 
Bicarbonate of calcium, conversion to calcium degrees of hardness, 20 
magnesia, conversion to calcium degrees of hardness, 20 
magnesia, 39 
soda, 63 

removal of same, 65 
Bicarbonates, effect on clarification, 121 

precipitation, 120 
Bichromate of soda, 41 
Bisulphate of soda, conversion into calciima degrees of hardness, 20 

use of, 69, 81 
Blacher, Professor, use of air in determining hardness, 13, 74 
Blowing down, 40 
Boiler compounds, 31, 39, 40, 42 
corrosion, 63 
foaming of, 66, 68, 163 
incrustation, 8, 43, 78 
locomotive, 31, 47 
treatment in, 31, 39, 40, 41 
Brand and Lhuellier, 136 
Breda System, 87, 97, 105 
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Breyer, Eng., on clarification, 121 
Bypass, 195 

Calcium bicarbonate, conversion into calcium degrees, 20 
carbonate, conversion into calcium degrees, 20 
determination of, 17 
dissolved in water, 2 
hydrate, normal solution, 19 
sulphate, conversion into calcium degrees, 20 
Calcined lime, use of, 92 

soda ash, 108 
Calculation for size of air-displacement system, 114, 219, 220 
weir distribution, 157, 200 
of chemical compounds into calcium degrees, 20 
hardness in degrees, 9, 20 

quantity of reagents according to Prof. Kalmann, 51, 66, 197, 
198, 199 
reagents according to Prof. Pfeifer, 61 
Carbonic acid, calculated to calcium degrees, 9, 20 
dissolved in water, 1 
effect on copper, 47, 63, 65 

solvent property of water, 2 
test of, 72 

use of, 157, 158, 159, 173 
Caslau water-softening plant, 132 
Cause of pollution in water, 1 
Caust'c soda, conversion into calcium degrees, 20 
in alcoholic solution, 25 
preparation of, 117 
system, 154, 155 
test of, 70, 117 
Causticization of soda ash, 117 
Chemical action of water on rocks, 3 
characteristics of water, 272 
pollution of water, 7, 8 
purification of water, 9, 10 
Chlorine, determination of, 27 
Choice of boiler compounds, 40 
Chrome salts, 41 
City Purifying Co., 148, 149 
Clark, 127 

determination of total hardness, 12 
Clarification, aids to, 165, 196 

Breyer's theory, 121 
devices, 122 

effect of artificial precipitates on, 121 
bicarbonates on, 121 
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Clarification, effect of carbonic acid on, 159, 173 
hardness on, 121 
oblique plates on, 121, 125 
quietness of water on, 121 

velocity of water on, 121 . ' 

in running water, 186 
still water, 173, 186 
with carbonic acid, 159, 160, 161 
Clearing-plates in lime saturator, 100, 103 
Coagulants, 39 

Cocks, distribution of water by, 88 
Cold treatment, 169, 170, 171, 172, 173 
Conmiercial lime, use of, 186 

soda ash, 222 
Composition of water, 56 
Compounds, boiler, 31, 39, 40, 42 
Conclusions regarding softening, 267 
Continuous operations of lime-saturator, 99, 148, 149 

plants, 186 
Copper, behavior in treated water, 63 
corrosion of, 63, 65 
effect of carbonic acid on, 47 
Corrosion of copper, 63, 65 

iron, 63, 164 
Cost of operating, 222, 262 

softening-plants, 261 
Current through lime-saturator, 104 

Data regarding sample, 270 

Decanting pipe, 123, 136, 152, 153, 197, 203, 206, 208, 210, 212, 214, 226, 232, 

235, 239, 243, 260 
Degrees of hardness, 8 

English, 273 ' 
French, 8 
German, 8 
Dehne filter, 34, 37, 149, 150 

system, 149, 151 
Density of ice, 4 

Dervaux system, 139, 140, 141, 190, 192, 255, 257 
Designations for parts of purifying-plants, 85, 86 
Design of air-pipe, 221 

air-regulator, 114, 219, 220 
saturating-tank, 221 
settling-tank, 221 
weir, 87, 157, 190, 200, 219 
Desrumeaux system, 143, 145, 253, 354 
Detection of faulty treatment, 223 
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Determination of amounts of reagents, 48 
bound carbonic acid, 17 
calcium, 17 
chlorine, 27 
magnesia, 17, 22 
permanent hardness, 16 
temporary hardness, 9, 16 
total hardness, 9, 12, 13, 15, 16 

according to Blacher, 13 
Wartha, 15 
Development of water-purifying plants, 127 
Devices to aid clarification, 122 
Disadvantageous effect of pure water on boilers, 266 
Distributions, Harris Anderson, 87 
of water, 87 

Berenger system, 90 
by cocks, 88, 89 

by weir, 87, 157, 180, 200, 219, 226, 241, 243, 244, 
246, 249, 260 
Donau water, 6 

Drinking-water, permissible limits for, 274 
Duration of treatment, 223 

Economy, factor of, 166, 188, 197, 203, 207, 209, 227, 233, 238, 242 
Effect, beneficial, of pure water on boilers, 263 

disadvantageous, of salt water on boilers, 266 
of alkaline water on boilers, 63, 65 

artificial precipitates on clarification, 165 
carbonic acid on copper, 47 

solubility of water, 2 
freezing on rocks, 4 
hardness, 121 
head on precipitation, 120 
heating water on precipitation, 119, 164 

treatment, 169, 172, 173 
oblique plates on precipitation, 119, 122 
plants on rocks, 5 
pyrites on water, 5 

quietness of water on clarification, 121 
^ape of settling-tank on clarification, 119 
temperature on rocks, 4 

solubility of lime, 107 
treatment, 169, 170, 171, 172, 173 
velocity of water on clarification, 121 
water on rocks, 2 
on clarification of bicarbonates, 121 
Elbel, Ant., 137 
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English degrees of hardness, 273 

Examination of water-softening plants, 162, 163 

Excess treatment, 171, 172, 173 

Factor of economy, 166, 188, 197, 203, 207, 209, 227, 233, 238, 242 

Factors governing results of purification, 196 

Faist and Knauss, table of degrees of hardness by soap test, 14, 75 

Faulty treatment, 189 

Feldspar, action of water on, 2, 3 

Filter, Berenger, 132, 134 

Dehne, 34, 37, 149, 150 

Klein, 34, 38 

Krohnke, 32, 35, 36, 238, 249 

Press, 37, 38, 149, 150 

Reisert, 32, 34, 140, 143 

sand, 32, 33, 250 

Wehrenfennig, 249 
, , with oblique plates, 125 126 

wood fiber, 130, 135, 196, 261 
Filters, 8, 34, 35, 36, 37, 38, 124, 250 
Filtration, 7, 31, 32 
Flow through filters, 32 
Foaming in boilers, 66, 68, 163 
Formation of Kaolin; 4 

meerschaum, 4 
precipitate, 118 
Forms for keeping record of water, 270 
Formula of Kalmann, 48 

Pfeifer, 59 
French degrees of hardness, 8 
Frost, effect on rocks, 4 

Gaillet and Huet, 144 

Gas dissolved in rain water, 1 

German degrees of hardness, 8 

Gneiss, action of water on, 3 

Granite, action of water on, 3 

Granulite, action pf water on, 3 

Gravity filter, 33, 250 

Grittner, Chief Chemist, 77 

Grouping of impurities in water, 44, 45 

Gypsum, 20 

conversion into calcium, degree of hardness, 20 

Haen, 127 
Hardness, 8 

calculation in degrees of calcium, 9, 20 
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Hardness, determination of, 9, 16 

_ according to Blacher, 13 
Knofler, 17 
Wartha. 15 
effect on clarification, 121 
English degrees, 273 . 

French degrees, 8 
German degrees, 8 
of treated water, 10 
permanent, 9, 16 

temporary, 9, 16 • '■■' 

total, 9, 12 
Harris-Anderson system, 87 
Head of water, effect on precipitation, 120 
Heating water, 31, 39, 119, 127, 164 

effect on precipitation, 119, 164 
treatment, 169, 172, 173 
Height of limeTsaturator, 103 
Hochstetter, 1 

Homblend, action of water on, 2 
Humboldt water-softening plant, 144, 145 
Hydraulic agitation in Umensaturator, 96 
Hydrochloric acid, normal solution of, 18,^6, 70 

Ice, density of, 4 
Improvement of water, 31 
Impurities of water, 1 

grouping of, 44 
Incrustation in pipes, 119 
Indicators, 15, 17, 27 

Influence of shape x)f settling-tank on precipitation, 119 
Installation of water-softening plants, 168 
Instructions for sampling water, 11, 270 
Intermittent lime-saturator, 100, 207 
plant, 176, 177, 179 
Introduction of chemicals by means of pumps, 195, 201, 202 

steam, 181, 182, 227 
into boilers, 31, 39, 40, 41 
tenders, 64, 255, 256 
water-tanks, 255, 25Q 
Invention of continuous limensaturator, 138, 139 
Iron, corrosion of, 63, 164 

sulphate treatment, 64, 81 

Judging water-softening plants, 162, 166 

Kaiserbrunnen water, 6 
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Kalmann, Prof., 44, 61, 78, 212 

application of fonnula> 48, 49, 61, 66, 157, 198 

formula, 48 

proof of formula, 54 

test of formula, 55 
Kaolin, formation of, 4 
Karel, Inspector, 169 
Karlsbad water, 7 ' 

Klein filter, 34, 38 
Knofler, 17, 22 
Krohnke filters, 32, 34, 35, 36, 238, 249 

Lamy, A., solubility of lime, 107 
Lime, addition of, 197 

preparation of, 91 
caustic normal solution, 19 
commercial, 186 

compound, conversion to calcium degrees of hardness, 20 
effect of excess, 172, 173 

temperature on solubility of, 107 
milk of, 127 
saturators, closed, 93 

continuous, 99, 137, 148, 149 
Harris-Anderson, 97 
height of, 103 
intermittent, 100, 104, 207 
invention of continuous, 138, 139 
tanks in seri&s, 104 
velocity through, 104 
with air^tators, 92, 98, 99 
clearing-plates, 100, 103 
hydraulic agitators, 96 
mechanical agitators, 95 
tilting vessel, 105 
solubility of, 2, 7, 9, 107 
stirring devices, 02, 95, 96, 98, 99, 104 
storage of, 91 
use of, 186 

calcined, 92 
powdered, 93 
water, strength of, 93 

test of, 27, 70, 75 
Limits for drinking-water, 274 
Locomotive boilers, 31, 47 
Lorenz spring water, 7 
Lubrication, 202 
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Maderspach, L., method of, 128 
Magnesia chloride, behavior in boilers, 165 
determination of, 17 

according to Knofler, 17 
Pfeifer, 22 
effect of heating waters on, 165 
solubility of, 2, 79 
Magnesium bicarbonate, 39 

compounds, conversion into calcium degrees, 20 
sulphate, use of, 69 
Mechanical action of water on rocks, 3 

agitation, 35, 38, 95, 107, 180 
mixing, effect on precipitation, 121, 180, 181 
pollution, 7 
Meerschaum, formation of, 4 
Method of feeding soda solution, 109, 110 

preparing soda solution, 108 
Methyl orange, 17, 26 
Mica, action of water on, 2, 4 
Milk of lime, use of, 127 

Mixing of reagents, effect on precipitation, 121, 165 
with raw water, 118, 180 
place, 123 
Modling water-softening plant, 131 
Mountain water, 4 
Mud collection, 40 - 

Neutralization of treated water by acids, 81 

sodium bisulphate, 81, 82, 83 
Nitric acid dissolved in rain water, 1 

use of, 81 
Nolden, 127 
Normal solution of barium chloride, 30 

caustic lime, 19, 21, 27 

soda, 25 
hydrochloric acid, 18, 21, 26 
potassium chromate, 30 
silver nitrate, 28 
sodium carbonate, 19, 21, 26 
hydrate, 25 
Note-book for operator, 76 

ObHque plates, effect on clarification, 121, 125 
precipitation, 119, 122 
use of, 119, 121, 122, 125, 191, 237 
OUvin, action of water on, 4 
Operating, cost of, 222, 262 
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Operating note-book, 76 

Operation of plant, 76, 167, 201 

Opinion of water-softening plants, 162, 166 

Orthoclase, formation of, 3 

Oser, Prof., effect on copper of alkaline water, 63 

Over-treatment, 171, 172, 173 

Oxygen in water, 1, 97 

Parts of softening plants, designations of, 85, 86 

Permanent hardness, 9, 16 

Permissible limits for drinking-water, 274 

Pfeifer, privatdocent, 15, 22, 59 

Pfeifer's formula, 59, 61 

application of, 61 
Phenolphtalein, 17, 26 
Pipes, incrustation in, 119 
Plants, effect on rocks, 5 
Pollution of water, 7, 8 

mechanical, 7 
Porphyry, action of water on, 3 
Potassium chromate solution^ 30 
Precipitants, 39, 40, 41 
Precipitate, artificial, 165 

formation of, 118 
removal of, 258 
Precipitation, aids to, 165 

effect of bicarbonates, 120 
head on, 120 
heating water, 119 
mechanical mixing on, 121 
oblique plates, 119 
quietness of water on, 121 
shape of settUng-tank on, 119 
in boilers, 31, 39, 40, 41 
velocity of sinking, 121 
Preparation and introduction of reagents, 86 
of caustic soda, 1 17 

and lime water, 116 
chemicals for water analysis, 24 
lime addition, 91 
soda-ash addition, 107, 108 
Pressure filters, 34, 35, 36, 37, 38 

regulators, 90, 91, 110 
Priming, 163 

Proof of Kalmann's formula, 53 
Pumps, 195, 201, 202 
Pure water, effect on boilers, 263, 266 
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Purification of water, 7, 43 

factors governing, 196 
I^rites, Effect on water, 5 

Quartz, Action of water on, 4 

Quietness of water, effect on precipitation, J21 

Quotient of economy, 166, 188, 197, 203, 207, 209, 227, 233, 238, 242 

Railways, Austrian-Hungarian National, 255, 256 

-Northwestern, 255, 256, 257, 269, 261 
Emperor Ferdinand*s Northern, 254 
Government, 255 

Grand Duchy of Baden, 252, 256, 257, 258, 259, 262, 266 
Holland, 256 
Imperial Bavarian National, 253, 256 

Hungarian National, 255, 256, 258, 261 
Saxon, 254, 256, 257, 259, 261, 262 
Wurtemberg, 254, 256, 257, 259, 261, 262 
K E. D., BerUn, 253, 257 
Breslau, 253, 266 
Cologne, 253 
Erfurt, 254 

Hanover, 254, 259, 267 
Magdeburg, 254, 258, 262 
Lubeck-Buchener; 253 
Netherland National, 256 
Southern, 255, 266 

North German Junction line, 255, 256, 257, 259, 261 
Rain water, ammonia in, 1 

carbonic acid in, 1 
Raw water, behavior of, 81 
Reactions, 44, 45, 62 
Reagent pump, 195 
Reagents, determination of amounts of, 48 

mixing with raw water, 118, 121, 165, 180 
prepartion of, 86 
storage of, 200 
Record of water, 270 
Rectification of normal solutions, 21 
Regulations of devices for softening water, 257 
Regulators, air, 114, 206, 220, 224, 249 • 

pressure, 90, 91, 110 
Reichling system, 146, 147 
Reinecken system, 144, 146 
Reisert filters, 32, 34, 140, 143 
Removal of precipitated material, 258 
sodium bicarbonate, 63 
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Report of German Society of Railway Managers, 252 

Result of purification, 196, 259 

Review of development of water-softening planti^ 127 

River water, analysis of, 7 

Rocks, action of water on, 2, 3, 4 

Rossel, Professor, system, 41, 146, 147 

Sampling of water, 11 

data regarding same, 27C 
Sand filters, 32, 33, 350 
Saturator, Harris-Anderson, 97 
Saturation-tank, closed, 93 

design of, 221 
heighth of, 103 
Scale in boilers, 8, 43 
Schierholz, 62 

Sedimentation in still water, 173 
Serpentine, formation of, 4 
Settling-tank, design of, 221 
Siegmuth, 138 
Silver solution, 28 
Skimmers, 40 
Soap solution, 12, 14, 24 

test, 12, 24, 74 
Soda ammonia, 107, 222 

caculation of addition, 199 
character used, 108 
commercial, 222 
method of dissolving, 108 
solution, adjusting distributing device, 112 
distribution by air system, 114 
float, 113 

float chamber, 110 
displacement, 114 
method of feeding, 109, 110 
tilting-vessel, 104, 106, 107, 122, 125, 191, 194, 
203, 205, 206, 208, 211, 213, 228, 235, 242, 
246 
preparation of, 107 
storage of, 107 
test of, 70, 117 
Sodium bicarbonate, 63 

removal of same, 65 
bichromate, 41 

expense of, 41 
bisulphate, 69, 81 

conversion into calciui-i degrees, 20 
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Sodium carbonate, conversion into calcium degrees, 20 
normal solution, 19 
hydrate, conversion into calcium degrees, 20 

in alcoholic solution, 22, 26 
silicate, 41 
Softening of water, 43 

test of, 70, 160 
with excess, 172, 173 
-plants, cost of, 261 
Soluble rocks, 1 
Solubility of lime, 2, 79, 107 
magnesia, 2, 79 
Solution, barium chloride, 24, 30 
caustic soda, 25 
hydrochloric acid, 18, 21, 26 
lime, 19 

potassium chromate, 30 
silver nitrate, 23 
sodium carbonate, 19, 21, 26 
Solvent action of carbonic acid, 3, 4, 159 

water, 1, 3 
Southern North-German Junction lin6, 153, 154 
Spring water, 5, 7 
Standard solutions, 19, 25, 30, 70 
Stingl, 128 

basis of water-softening, 44, 128 
Stirring devices, 35, 38, 95, 96, 180 

air-, 92, 96, 97, 101, 180, 181 
Storage of lime, 91, 167 
reagents, 200 
soda, 107 
Strength of lime-water, 93 
Sulphate of iron, conversion to calcium degrees, 20 

use of, 68 
Sulphuric acid, origin of, 5 

use of, 69, 81 
Surface water, 5 

Table A, 21 
B, 43 

of Faist and Knauss, 14, 75 
Temperature, effect on rocks, 4 

solubility of lime, 107 
Temporary hardness, 9, 16 
Tenders, treatment in, 64, 255, 256 
Test of alkalinity, 72, 75 

Berenger system, 125 
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Test of carbonic acid, 72 

caustic soda purity, 117 
Kalmann's formula, 55 
lime-water, 27, 70, 73 
raw water, 75, 76 
soap solution, 24 
soda solution, 71, 74 
Testing the softening, 70 

with excess, 172, 173 
Tilting-vessel, 104, 106, 107, 122, 125, 191, 194, 203 205, 206, 208, 211, 213, 

228, 235, 242, 246 
Time, influence on softening, 169, 173 

of treatment, 223 
Titration for temporary hardness, 9 
Total hardness, 9, 12, 13, 15, 16 
Travelling-case, 23 
Treated water, behavior of, 78 
Treatment, alkaline water, 62, 69 
barium, 9, 44 
cold,-ie9, 172 
defective, 189 
duration of, 223 
of water, hot and cold, 170, 171 

with excess lime, 171, 173 
with acid, 81 

sodium bisulphate, 69, 81 

Use of acid, 68, 77, 81 

air in determining hardness, 13, 74 
barium, 9, 44 
calcined lime, 92 

soda ash, 108 
carbonic acid, 157, 158, 159, 173 

in clarification, 159, 160, 161 
commercial lime, 186 

soda-ash, 222 
iron sulphate, 68 
lime, 186 

magnesia sulphate, 69 
milk of lime, 127 
sodium bichromate, 41 

bisulphate, 69, 81 

Value of softening-plant, 167 
Velocity of rising air, 97, 221 

current in lime-saturator, 104, 221 
sinking precipitate, 121 ' 
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Velocity through settling-tank, 221 

softening-plant, 174, 221 
Vienna water-softening plant, 167 
Von Richling tilting-vessel, 122 

Wartha, Professor, determination of total hardness, 15 
Water, air in, 96, 97 

alkaline, 62, 69 

alkalinity of, 9, 10, 15, 72, 74, 75, 76, 118, 171, 189 
analyses of, 56, 62, 79, 80, 97, 157, 168, 171, 172, 197, 212 
analysis of, 11, 164 

alkaline, 62 
artesian well, 7, 64 
carbonic acid in raw water, 1 
distribution, 87 
effect on rocks, 2, 3, 4 
filtration of, 8 
freezing, 4 
from mountains, 4 
hardness, 8 
improvement of, 31. 
impurities of, 1, 5 
purification of, 7, 8 
-softening, 43 

plant, 155 

air-stirred, l61 

Anderson-Harris, 87 

Archbutt, 158, 159, 160, 161, 173 

Austrian Northwestern Railway, 37, 138, 151 

Belvedere Gas Works, 129 

Berenger and Stingl, 128, 135, 136, 253, 254, 255, 
264, 265 

Brand and Lhuellier, 136 

Breda, 87, 97, 105 

Caslau, 130, 132 

City Purifying Co., 148, 149 

continuous top operated, 187, 188, 189 

Dehne, 34, 37, 149, 150, 253, 254, 262, 264 

Dervaux-Reisert, 253, 254, 255, 264, 265 

Dervaux system, 140, 141, 143, 190, 255, 257 

Desrumeaux, 143, 145, 253, 254 

Elbel-Seigmeth, 139 

Florisdorf Jutenspinning Co., 129 

for rail\Yays, 183, 184, 185 

Gaillet and Huet, 144 

ground operated, 203, 204 

Humboldt, 144, 145 
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Water-softening plant, intermittent system, 176, 177, 179 
mechanicaUy stirred, 181 
Modling, 131 
Orawicya, 129, 130 
Pollacsek, 255 
Reichling, 146, 147 
Reinecken, 144, 146 
Rossel, 41 

S. N. D. V. B., 163, 154 
using caustic soda, 154, 155 
Vienna, 133, 134 
Voslau Yamnspinning Co., 131 
Wiesbaden, 148, 149 

with air regulation, 206, 207, 208, 209, 210, 211, 212, 
213, 214, 215, 216, 217, 218, 224, 225, 226, 227, 
230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 
240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 260 
with continuous lime-saturation, 138, 139 
with decanting pipes 124, 152, 158, 175, 176; 177, 
184, 185, 188, 191, 193, 203, 204, 205, 206, 208, 
210, 212, 213, 214, 226, 227, 228, 229, 230, 231, 
232, 235, 236, 237, 238, 239, 243, 260 
with reagent pump, 192, 193, 195 
with tilting-vessel, 191, 192, 193, 194, 203, 205, 206, 

208, 211, 213, 228, 235, 242, 246 
with weir distributors, 152, 155, 156, 188, 191, 192, 
193, 203, 204, 205, 206, 207, 208, 209, 210, 211, 
212, 213, 214, 215, 216, 217, 218, 224, 226, 227. 
228, 229, 230, 231, 232, 233, 234, 235, 236, 237. 
238, 239, 240, 241, 243, 244, 246, 247, 248, 249, 260 
-softening plants, development of, 127 

examination of, 162, 163 
installation of, 168 
solubility of, 2, 3 
tanks, treatment in, 255, 256 
Wehrenfennig filters, 249 

system, 203, 204, 208, 209, 220 
Weir distributor, design of, 87, 157, 190, 200, 219 
Well-water, 6, 64 
Wood-fiber filters, 124, 130, 135, 196, 261 
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Sanderson's Insects Injurious to Staple Crops Z2mo, z 50 

Insects Injurious to Garden Crops. (In preparation.) 
Insects Injuring Fruits. (In preparation.) 

Stockbridge's Rocks and Soils 8vo, 2 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

Woll's Handbook for Farmers and Dairymen. z6mo, z 50 



ARCHITECTURE. 

Baldwin's Steam Heating for Btiildlngs. z2mo, 2 50 

Bashore's Sanitation of a Country House z2mo, x 00 

Berg's Buildings and Structures of American Bailroads ; .4to, 5 00 

Birkmire's Planning and Construction of American Theatres 8vo, 3 00 

Architecttiral Iron and Steel. 8vo, 3 50 

Compotmd Riveted Girders as Applied in Buildings 8vo, 2 00 

Planning and Construction of High Office Buildings 8vo, 3 So 

Skeleton Construction in Buildings. 8vo, 3 00 

Brigg's Modem American School Buildings 8vo, 4 00 

1 



Carpenter's Heating and Ventilating of Buildings 8to» 4 00 

Freitag's Architectural Engineering. 8vo, 3 50 

Fireproofing of Steel Buildings. 8vo, a 50 

French and Ives's Stereotomy. 8vo, 2 50 

Gerhard's Guide to Sanitary House-inspection. x6mo, z 00 

Theatre Fires and Panics lamo, z 50 

^Greene's Structural Mechanics 8vo, 2 50 

Holly's Carpenters' and Joiners' Handbook i8mo, 75 

Johnson's Statics by Algebraic and Graphic Methods .8vo, 2 00 

Kidder's Architects' and Builders' Pocket-book. Rewritten Edition. i6mo,mor., 5 00 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Ron-metallic Minerals : Their Occurrence and Uses 8vo, 4 00 

Monckton's Stair-building 4to, 4 oq 

Patton's Practical Treatise on Foundations 8to, 5 00 

Peabody's Kaval Architecture 8to, 7 50 

Rice's Concrete-block Manufacture 8vo, 2 00 

Ridley's Handbook for Superintendents of Construction z6mo, mor., 4 00 

* Building Mechanics' Ready Reference Book. Carpenters' and Wood- 
workers' Edition. i6mo, morocco, x 50 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, x 50 

Snow's Principal Species of Wood 8vo, 3 50 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 

8vo, 2 00 

Towne's Locks and Builders' Hardware x8mo, morocco, 3 00 

Waifs Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .Svo, 4 00 
Woicester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small Hospital. 

zamo, x as 

The World's Columbian Exposition of X893 Large 4to, z 00 



ARMY AND NAVY. 

Bemadou's Smokeless Powder, Fitro-cellulose, and the Theory of the Cellulose 

Molecule lamo, a 50 

♦ firuff's Text-book Ordnance and Gunnery 8vo, 6 00 

Chase's Screw Propellers and Marine Propulsion 8vo, 3 00 

Cloke's Gunner's Examiner 8vo, x 50 

Craig's Azimuth 4to, 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

♦ Davis's Elements of Law 8to, 2 50 

♦ Treatise on the Military Law of United States. 8vo, 7 00 

Sheep, 7 so 

De Brack's Cavalry Outposts Duties. (Carr.) 24mo, morocco, a 00 

Dietz's Soldier's First Aid Handbook i6mo, morocco, x as 

♦ Dredge's Modem French Artillery 4to, half morocco, 15 00 

Durand's Resistance and Propulsion of Ships 8vo, 5 00 

♦ Dyer's Handbook of Light Artillery. xamo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

♦ Fiebeger's Text-book on Field Fortification. Small 8vo, 2 00 

Hamilton's The Gunner's Catechism x8mo, z 00 

♦ Hoff's Elementary Haval Tactics. 8vo, z 50 
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IngaUs'8 Handbook of Problems in Direct Fire 8vo, 4 00 

* Ballistic Tables 8vo, i 50 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and 11. .8vo, each, 6 00 

** Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco, 7 50 

Manual for Courts-martial i6mo, morocco, i 50 

* Mercur's Attack of Fortified Places xamo, a 00 

-* Elements of the Art of War 8vo, 4 00 

Metcalf's Cost of Manufactures — ^And the Administration of Workshops. .8to, 5 00 

* Ordnance and Gunnery. 2 vols x2mo, 5 00 

-Murray's Infantry Drill Regulations x8mo, paper, 10 

Nixon's Adjutants' Manual 24mo, i 00 

Peabody's Naval Architecture 8vo, 7 BO 

* Phelps's Practical Marine Surveying 8vo, 2 50 

Powell's Army Officer's Examiner lamo, 4 00 

Sharpe's Art of Subsisting Armies in War. i8mo, morocco, i 50 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo, leather, 50 

* Walke's Lectures on Explosives 8vo, 4 00 

Weaver's MiUtary Explosives 8vo, 3 00 

* Wheeler's Siege Operations and Military Mining. 8vo, 2 00 

Winthrop's Abridgment of MiUtary Law x2mo, 2 50 

WoodhuU's Notes on MiUtary Hygiene i6mo, i 50 

IToi^ng's Simple Elements of Navigation i6mo, 'morocco, 2 00 



ASSAYING. 

Fletchsr's Practical Instructions in Quantitative Assaying with the Blowpipe. 

i2mo, morocco, i 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. . . .8vo, 3 00 

Xow's Technical Methods of Ore Analirsis 8vo, 3 00 

Miller's Manual of Assaying x2mo, z 00 

Cyanide Process i2mo, i 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) i2mo, 250 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ricketts and Miller's Notes on Assasring. 8vo, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ulke's Modem Electrolirtic Copper Refining 8vo, 3 00 

Wilson's Ciranide Processes Z2mo, x 50 

Chlorination Process i2mo, i 50 



ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth 4to, 3 50 

DooUttle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

^ Michie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy x2mo, a 00 

BOTANY. 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

x6mo, morocco, i 25 

Thom(^ and Bennett's Structural and Physiological Botany i6mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, 2 00 



CHEMISTRY. 

Adriance'B Laboratory Calculations and Specific Gravity Tables zamo, i 25 

Alexeyeff's General Principles of Organic S3mthesi8. (Matthews.) 8vo, 3 00 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) Small 8vO: 3 50 

Austen's Notes for Chemical Students i2mo, i 50 

Bemadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule lamo, 2 50 

* Browning's Introduction to the Rarer Elements Svo, i 50 

Brush and Penfield's Manual of Determinative Mineralogy 8vo, 4 00 

Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) Svo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8vo, 3 co 

Cohn's Indicators and Test-papers i2mo, 2 00 

Tests and Reagents 8vo, 3 00 

Crafts's Short Course in Qualitative Chemical Analysis. (Schaeffer.). . .x2mo, i 50 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) i2mo, 2 50 

Drechsel's Chemical Reactions. (Merrill.) i2mo, i 25 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo» 4 00 

Eissler's Modem High Explosives 8vo, 4 00 

Efifront's Enz3rmes and their Applications. (Prescott.) 8vo, 3 00 

Erdmann's Introduction to Chemical Preparations. (Dunlap.) i2mo, i 25 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

i2mo, morocco, i 50 

Fowler's Sewage Works Anal3rses i2mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) 8vo, 3 00 
System of Instruction in Quantitative Chemical Analysis. (Cohn.) 

2 vols 8vo, 12 50 

Fuertes's Water and Public Health i2mo, 1 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

* Getman's Exercises in Physical Chemistry.' i2mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers * . ". i2mo, 1 25 

Grotenfelt's Principles of Modem Dairy Practice. (Woll.) i2mo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) i2mo, 1 25 

Hammarsten's Text-book of Physiological Chemistry. (MandeL) 8vo, 4 00 

Helm's Principles of Mathematical Chemistry. (Morgan.) i2mo, i 50 

Hering's Ready Reference Tables (Conversion Factors) x6mo, morocco, 2 50 

Hind's Inorganic Chemistry 8vo, 3 *>•* 

* Laboratory Manual for Students i2mo, i 00 

HoUeman's Text-book of Inorganic Chemistry. (Cooper.) 8vo. 2 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, 2 50 

* Laboratory Manual of Organic Chemistry. (Walker.) i2mo, 1 00 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, i 25 

Keep's Cast Iron 8vo, 2 50 

Ladd's Manual of Quantitative Chemical Analysis i2mo» i 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

* Langworthy and Austen. The Occurrence of Aluminium in Vegetable 

Products, Animal Products, and Natural Waters 8vo, 2 00 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) i2mo, i 00 

Application of Some General Reactions to Investigations in Organic 

Chemistry. (Tingle.) i2mo, i 00 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 00 

Low's Technical Method of Ore Analysis 8vo. 3 00 

Lunge's Techno-chemical Analysis. (Cohn.) lamo i 00 
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* McKay and Larsen's Principles and Practice of Butter-makinc 8vo x 50 

Mandel's Handbook for Bio-chemical Laboratory iimo, i 50 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe . . lamo, 60 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint) 

3d Edition, Rewritten .8vo, 4 00 

Examination of Water. (Chemical and Bacteriological.) i2mo, i 25 

Matthew's The Textile Fibres 8vo, 3 50 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .i2mo, i 00 

Miller's Manual of Assaying i2mo, i 00 

Cyanide Process i2mo, i 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) .... i2xno, 2 50 

Mixter's Elementary Text-book of Chemistry i2mo, i 50 

Morgan's An Outline of the Theory of Solutions and its Results i2mo, z 00 

Elements of Physical Chemistry i2mo, 3 00 

* Physical Chemistry for Electrical Engineers i2mo, z 50 

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, i 50 

MuUiken's General Method for the Identification of Pure Organic Compounds. 

VoL I Large 8vo, 5 00 

O'Brine's Laboratory Guide in Chemical Analysis 8vo, 2 oo 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) i2mo, i 50 

•• " " •• Part Two. (Turnbull.) i2mo, 200 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper, 5a 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 5 00 

Pinner's Introduction to Organic Chemistry. (Austen.) i2mo.- i 5a 

Poole's Calorific Power of Fuels Svo, 3 oc 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis i2mn, 1 25 

* Reisig's Guide to Piece-dyeing Svo, 25 00 

Richards and Woodman's Air .Water, and Food from a Sanitary Standpoint. .8vo , 2 oa 
Ricketts and Russell's Skeleton Notes upon Inorganic Chemistry. (Part I. 

Non-metallic Elements.) Svo, morocco, 75: 

Ricketts and Miller's Notes on Assaying 8vo, 3 oo* 

Rideal's Sewage and the Bacterial Purification of Sewage Svo, 3 50- 

Disinfection and the Preservation of Food Svo, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory Svo, i 25 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 4 oa 

Rostoski's Serum Diagnosis. (Bolduan.) i2mo, i 00 

Ruddiman's Incompatibilities in Prescriptions Svo, 2 oc 

* Whys in Pharmacy i2mo, i oa 

Sabin's Industrial and Artistic Technology of Paints and Varnish Svo, 3 00 

Salkowski's Physio logical and Pathological Chemistry. (OmdorflE.) Svo, 2 50 

Schimpf's Text-book of Volumetric Analysis i2mo, 2 50 

Essentials of Volumetric Analysis i2mo, i 25 

* Qualitative Chemical Analysis Svo, i 25 

Smith's Lecture Notes on Chemistry for Dental Students Svo, 2 50 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco. 3 00 

Handbook for Cane Sugar Manufacturers i6mo, morocco, 3 00 

Stockbridge's Rocks and Soils Svo, 2 50 

* Tillman's Elementary Lessons in Heat Svo, 1 50 

* Descriptive General Chemistry 8yo, 3 00 

Treadwell's Qualitative Analysis. (Hall.) Svo, 3 00 

Quantitative Analysis. (Hall.) Svo, 4 00 

Turneaure and Russell's Public Water-supplies Svo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) i2mo, 1 50 

* Walke's Lectures on Explosives Svo, 4 00 

Ware's Beet-sugar Manufacture and Refining , . .Small Svo, cloth, 4 00 

Washington's Manual of the Chemical Analysis of Rocks Svo, 2 00 

5 



Wassermann's Immune Sera : Hemolysins, Csrtotoxins* and Precipitins. (Bol- 

dtt*°') i2mo, T oo 

Weaver's Military Explosives 8vo, 3 00 

Wehrenfennig's Analysis and Softening: of Boiler Feed-Water 8vo, a 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, i 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students i2mo, i 50 

Text-book of Chemical Arithmetic i2mo, i 35 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wilson's Cyanide Processes i2mo, i 50 

Chlorination Process i2mo, i 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

Wulling's Elementary Course in Inorganic, Pharmaceutical, and Medical 

Chemistry I2m0( 3 00 



CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING. 
kAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments i2mo, 

Bixby's Graphical Computing Table Paper igj >s24i inches. 

♦♦ Burr's Ancient and Modern Engineering and the Isthmian Cana .. (Postage, 

27 cents additionaL) 8vo, 

"Comstock's Field Astronomy for Engineers 8vo, 

Davis's Elevation and Stadia Tables 8vo, 

Elliott's Engineering for Land Drainage i2mo. 

Practical Farm Drainage i2mo, 

♦Fiebeger's Treatise on Civil Engineering 8vo, 

Flemer's Phototopographic Methods and Instruments 8vo, 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 

Freitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 

French and Ives's Stereotomy 8vo, 

Goodhue's Municipal Improvements X2mo, 

Goodrich's Economic Disposal of Towns' Refuse 8vo, 

Gore's Elements of Geodesy 8vo, 

Hayford's Text-book of Geodetic Astronomy 8vo, 

Hering's Ready Reference Tables (Conversion Factors) «i6mo, morocco, 

Howe's Retaining Walls tor Earth. i2n:o, 

* Ives's Adjustments of the Engineer's Transit and Level. i6mo, Bds. 

Ives and Hilts's Problems in Surveying i6mo, morocco, 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . i2mo, 
Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 

* Descriptive Geometry 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 

Merriman and Brooks's Handbook for Surveyors i6mo, morocco, 

Nugent's Plane Surveying 8vo, 

Ogden's Sewer Design i2mo, 

Parsons's Disposal of Municipal Refuse 8vo, 

Patton's Treatise on Civil Engineering 8vo half leather. 

Reed's Topographical Drawing and Sketching 4to, 

Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 

. Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 
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Taylor and Thompson's Treatise on Concrete, Plain and Reinforceo 8to, 

* Trautwine*8 Civil Engineer's Pocket-book i6moy morocco, 

Venable's Garbage Crematories in America 8vo, 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 

Sheep, 

Law of Contracts 8vo, 

Warren's Stereotomy — Prpblems in Stone-cutting 8vo, 

Webb's Problems in the Use and Adjustment ci Engineering Instruments. 

i6mo, morocco, 
Wilson's Topographic Survepng 8vo, 



BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, 2 00 

♦ Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, acd 

Suspension Bridges 8vo, 3 50 

Burr and Falk's Influence Lines for Bridge and Roof Computations 8vo, 3 o» 

Design and Construction of Metallic Bridges 8vo. 5 00 

Du Bois's Mechanics of Engineering. Vol. II Sn:all 4I0, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Ordinary Foundations 8vo, 3 50 

Greene's Roof Trusses 8vo, 1 25 

Bridge Trusses 8vo, 2 50 

Arches in Wood, Iron, and Stone 8vo, 2 50 

Howe's Treatise on Arches 8v9, 4 00 

Design of Simple Roof-trusses in Wood and Steel 8vo, 2 00 

Symmetrical Masonry Arches 8vo, 2 50 

Johnson, Bryan, and Tumeaure's Theory and Practice in the Designing of 

Modern Framed Structures Small 4to, 10 00 

Merrlman and Jacoby's Text-book on Roofs and Bridges : 

Part I. Stresses in Simple Trusses 8vo, 2 50 

Part II. Graphic Statics 8vo, 2 50 

Part III. Bridge Design 8vo, 2 50 

Part IV. Higher Structures 8vo, 2 50 

Morison's Memphis Bridge 4to, 10 00 

Waddell's De Pontibus, a Pocket-book for Bridge Engineers . . i6mo, morocco, 2 00 

* Specifications for Steel Bridges i2n'o, 50 

Wright's Designing of Draw-spans. Two parts in one volume 8vo, 3 50 



HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 

Bovey's Treatise on Hydraulics 8vo, 

Church's Mechanics of Engineering 8vo, 

Diagrams of Mean Velocity of Water in Open Channels paper. 

Hydraulic Motors 8vo, 

Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 

Flather's Dynamometers, and the Measurement of Power i2mo, 

Folwell's Water-supply Engineering 8vo, 

Frirell's Water-power 8vo, 
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Fuertes's Water and PubUc Health. ,.i2mo, i 50 

Water-filtration Works i2mo, 2 50 

Ganffuillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Bering and Trautwine.) 8vo, 4 00 

Hazen's Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water- works 8vo, 2 50 

Herschel's X15 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

Merriman's Treatise on Hydraulics 8vo, 5 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 00 

** Thomas and Watt's Improvement of Rivers (Post., 44c. additional.) 4to, 6 00 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Wegmann's Design and Construction of Dams .» 4to, 5 00 

Water-supply of the City of New York from 1658 to 1895 4to, 10 00 

Williams and Hazen's Hydrauhc Tables 8vo, 1 50 

Wilson's Irrigation Engineering Small 8vo, 4 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, 2 50 

Elements of Analytical Mechanics ,. 8vo, 3 00 



MATERIALS OF ENGINEBRING. 

Baker's Treatise on Masonry Construction 8vo, 

Roadi^ and Pavements 8vo, 

Black's United States Public Works Oblong 4to, 

* Bovey's Strength of Materials and Theory of Structures 8vo, 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 

Byrne's Highway Construction 8vo, 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo. 

Church's Mechanics of Engineering 8vo, 

Du Bois's Mechanics of Engineering. Vol. I Small 4to, 

♦Eckel's Cements, Limes, and Plasters 8vo, 

Johnson's Materials of Construction Large 8vo, 

Fowler's Ordinary Foundations 8vo, 

Graves's Forest Mensuration 8vo, 

* Greene's Structural Mechanics 8vo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Marten's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

Strength of Materials i2mo, 

Metcalf's Steel. A Manual for Steel-users i2mo, 

Patton's Practical Treatise on Fotmdations 8vo, 

Richardson's Modem Asphalt Pavements 8vo, 

Richey's Handbook for Superintendents of Construction x6mo, mor., 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 

Rockwell's Roads and Pavements in France X2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 

Smith's Materials of Machines z2mo. 

Snow's Principal Species of Wood 8vo, 
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Spalding's HydiauJic Cement ismo, 

Text-book on Roads and Pavements z3mo» 

Taylor and Thompson's Treatise on Concrete. Plain and Reinforced 8vo, 

Thurston's Materials of Engineering. 3 Parts Svo, 

Part I. Non-metallic Materials of Engineering and Metallurgy Svo, 

Part II Iron and SteeL Svo, 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 

Thurston's Text-book of the Materials of Construction Svo, 

Tillson's Street Pavements and Paving Materials Svo, 

Waddell's De Pontibus (A Pocket-book for Bridge Engineers.) . . i6mo, mor., 

Specifications for Steel Bridges i2mo, 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber » Svo, 

W^ood's (De V.) Elements of Analytical Mechanics Svo, 

Wood's (M. P.) Rustless Coatings; Corrosion and Electrol]rsi8 of Iron and 

Steel, Svo, 4 do 



RAILWAY ENGINEERING. 

Andrew's Handbook for Street Railway Engineers 3x5 inches, morocco, i 35 

Berg's Buikiings and Structures of American Railroads 4to, 5 00 

Brook's Handbook of Street Railroad Location i6mo, morocco, i 50 

Butt's Civil Engineer's Field-book x6mo, morocco, 2 50 

Crandall's Transition Curve i6mo, morocco, i 50 

Railway and Other Earthwork Tables. ... . Svo, i 50 

Dawson's "Engineering" and Electric Traction Pocket-book i6mo, morocco, 5 00 

Dredge's History of the Pennsylvania Railroad: (1S79) Paper, 5 00 

* Drinker's Tunnelling, Explosive Compoimds, and Rock Drills. 4to, half mor., 35 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Raifaroad Engineers' Field-book and Explorers' Guide. . . i6mo, mor., 3 50 

Howard's Transition Curve Field-book i6mo, morocco, 1 50 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments. Svo, I 00 

Molitor and Beard's Manual for Resident Engineers i6mo, i 00 

Nagle's Field Manual for Railroad Engineers i6mo, morocco, 3 00 

Philbrick's Field Manual for Engineers. i6mo, morocco, 3 00 

Searles's Field Engineering i6mo, morocco, 3 00 

Railroad Spiral i6mo, morocco, i 50 

Taylor's Prismoidal Formulse and Earthwork Svo, 1 50 

* Trautwine's Method ot Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams Svo, 3 00 

The Field Practice of Lajring Out Circular Curves for Raifaroads. 

1 3mo, morocco, 3 50 

Cross-section Sheet Paper, 35 ' 

Webb's Railroad Construction i6mo, morocco, 5 00 

Economics of Railroad Construction Large i3mo» 2 50 

Wellington's Economic Theory of the Location of Railways Small Svo. 5 00 



DRAWING. 

Barr's Kinematics of Machinery Svo 2 50 

♦ Bartlett's Mechanical Drawing Svo, 3 00 

* " " '* Abridged Ed Svo, 150 

Coolidge's Manual of Drawing Svo, paper, i 00 

9 



Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 50 

Durley's Kinematics of liachines. 8vo, 4 00 

Emch*s Introduction to Projectiye Geometry and its Applications 8vo, 2 r^ 

Hill's Text-book on Shades and Shadows, and PerspectiTe 8to, 2 00 

Jamison's Elements of Mechanical Drawing 8vo, 2 50 

Adranced Mechanical Drawing 8to, 2 00 

Jones's liachine Design: 

Part I. Kinematics of Machinery Sro, i 50 

Part n. Form, Strength, and Proportions of Parts 8ro, 3 00 

MacCord's Elements of Descriptive Geometry 8to, 3 00 

Kinematics; or, Practical Mechanism. 8ro, 5 oo 

Mechanical Drawing 4to, 4 oa 

Velocity Diagrams 8to, i 5a 

MacLeod's Descriptive Geometry Small 8vo, z 5a 

* liahan's Descriptive Geometry and Stone-cutting 8vo, i 50- 

Industrial Drawing. (Thompson.) 8vo, 3 50- 

Moyer's Descriptive Geometry 8vo, 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 oo- 

Reid's Course in Mechanical Drawing 8vo, 2 00- 

Text-book of Mechanical Drawing and Elementary liachine Design. 8vo, 3 oo 

Robinson's Principles of Mechanism. 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism. 8vo, 3 oo- 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Smith (A. W.) and Marx's liachine Design. 8vo, 3 00 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, i 25. 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. i2mo, i oo> 

Drafting Instruments and Operations i2mo, i 25 

Manual of Elementary Projection Drawing i2mo, i 50- 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow i2mo, i 00 

Plane Problems in Elementary Geometry i2mo, i 25. 

Primary Geometry i2mo, 75. 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 3 50 

General Problems of Shades and Shadows 8vo, 3 00 

Elements of Machine Construction and Drawing Svo, 7 50 

Problems, Theorems, and Examples in Descriptive Geometry Svo, 2 5a 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) Svo, 5 oo 

Whelpley's Practical Instruction in the Art of Letter Engraving. i2mo; 2 00 

Wilson's (H. M.) Topographic Surveying Svo, 3 50 

Wilson's (V. T.) Free-hand Perspective Svo, 2 50 

Wilson's (V. T.) Free-hand Lettering Svo, 1 00 

Woolf's Elementary Course in Descriptive Geometry. Large Svo, 3 oa 



ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) Small Svo, 3 00- 

Anthony's Lecture-notes on the Theory of Electrical Measurements... . . i2mo, i 00 

Benjamin's History of Electricity. Svo, 3 00 

Voltaic Cell Svo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

* Collins's Manual of Wireless Telegraphy i2mo, i 50- 

Morocco, 2 00 

Crehore and Squier's Polarizing Photo-chronograph Svo, 3 00 

Dawson's "Engineering" and Electric Traction Pocket-book. i6mo, morocco, 5 00^ 

10 



Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) xamo, a 50- 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8yo, 4 Oq 

Flather's Dynamometers, and the Measiurement of Power. i2mo, 3 00 

Gilbert's De Magnete. (Mottelay.) 8vo, 2 50 

Hanchett's Alternating Currents Explained i2mo, i 00 

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 5& 

Holman's Precision of Measurements 8vo, 2 oa 

Telescopic Mirror-scale Method, Adjustments, and Tests Large 8vo, 75 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 2 oa 

Landauer's Spectrum Analysis. (Tingle.) Sro, 3 00 

LeChatelier s High-temperature Measurements. (Boudouard — Burgess.) lamo, 3 oa 

Lob's Electrochemistry of Organic Compotmds. (Lorenz.) Svo, 3 00 

* Lyohs's Treatise on Electromagnetic Phenomena. Vols. I. and n. 8vo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) i2mo, 2 50 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, 12 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). . .8vo, i 5a 

Ryan, Norris, and Hozie's Electrical Ifachinery. VoL 1 8vo, 2 50 

Thurston's Stationary Steam-engines Svo, 2 50 

* Tillman's Elementary Lessons in Heat Svo, i 50 

Tory and Pitcher's Manual of Laboratory Physics. Small Svo, 2 00 

Ulke's Modem Electrolytic Copper Refining ^ Svo, 3 00 



LAW. 

* Davis's Elements of Law Svo, 2 50 

* Treatise on the Military Law of United States Svo, 7 00 

* Sheep, 7 50 

Manual for Courts-martial i6mo, morocco, i 50 

Wait's Engineering and Architectural Jiu-isprudence Svo, 6 00 

Sheep, 6 50 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svo, 5 00 

Sheep, 5 50 

Law of Contracts Svo, 3 00 

Winthrop's Abridgment of Military Law i2mo, 2 50 



MANUFACTURES. 

Bemadou's Smokeless Powder — Nltro-cellulose and Theory of the Cellulose 

Molecule i2mo, 2 50 

Bolland's Iron Founder i2mo, a 50 

The Iron Founder," Supplement z2mo, a 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding lamo, 3 00 

Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) Svo, 3 09 

* Eckel's Cements, Limes, and Plasters Svo, 6 00 

Eissler's Modem High Explosives Svo, 4 00 

Effront's Enzymes and their Applications. (Prescott.) Svo, 3 00 

Fitzgerald's Boston Machinist xamo, i 00 

Ford's Boiler Making for Boiler Makers iSmo, i 00 

Hopkin's Oil-chemists' Handbook Svo, 3 00 

Keep's Cast Iron SvOt 2 5a 

11 



Leach's The Inspection and Analysis of Food with Special Reference to State 

ControL Large 8vo, 7 5© 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, i 50 

Matthews's The Textile Fibres 8vo, 3 50 

Metcalf's SteeL A Manual for Steel-users lamo, 2 00 

Metcalfe's Cost of Manufactures — And the Administration of Workshops. 8 vo, 5 00 

Meyer's Modern Locomotive Construction 4to, xo 00 

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, i 50 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Rice's Concrete-block Manufacture 8vo, 2 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Press-working of Metals 8vo, 3 00 

Spalding's Hydraulic Cement »2mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 3 00 

Handbook for Cane Sugar Manufacturers x6mo, morocco, 3 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced. . . . 8vo, 5 00 
Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion 8vo, 5 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Ware's Beet-sugar Manufacture and Refining Small 8vo, 4 00 

Weaver's Military Explosives 8vo, 3 00 

West's American Foundry Practice i2mo, 2 50 

Moulder's Text-book X2mo, 2 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 00 



MATHEMATICS. 

Baker's Elliptic Punctions 8vo, 

* Bass's Elements of Differential Calculus X2mo, 

Briggs's Elements of Plane Analytic Geometry x2mo, 

Compton's Manual of Logarithmic Computations i2mo, 

Davis's Introduction to the Logic of Algebra 8vo, 

* Dickson's CoUege Algebra Large X2mo, 

* Introduction to the Theory of Algebraic Equations Large x2mo, 

Emch's Introduction to Projective Geometry and its Applications 8vo, 

Halsted's Elements of Geometry 8vo, 

Elementary Synthetic Geometry 8vo, 

Rational Geometry i2mo, 

« Johnson's (J. B.) Three-place Logarithmic -Tables : Vest-pocket size, paper, 

100 copies for 

* Mounted on heavy cardboard, 8 X xo inches, 

xo copies for 
Johnson's (W W.) Elementary Treatise on Differential Cakulus. .Small 8vo, 

Elementary Treatise on the Integral Calculus Small 8vo, 

Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates x2mo, 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8vo, 
Johnson's (W. W.) Theory of Errors and the Method of Least Squares. X2mo, 

* Johnson's ( W W.) Theoretical Mechanics i2mo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . x2mo, 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 

Trigonometry and Tables published separately Each, 

* Ludlow's Logarithmic and Trigonometric Tables. 8vo. 

Manning's Irrational Numbers and their Representation by Sequences and Series 

lamd z 2$ 
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Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each i oo 

Ko. I. History of Modern Mathematics, by David Eugene Smith. 
Ko. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gififord Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5- Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. ii. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics. . , . 8vo, 4 00 

Merriman^s Method of Least Squares - . 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 50 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical .... i2mo, 1 00 



MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice i2mo, i 50 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Barr's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo, 150 

Benjamin's Wrinkles and Recipes i2mo, 2 00 

Carpenter's Experimental Engineering. 8vo, 6 00 

Heating and Ventilating Buildings 8vo, 4 00 

Cary's Smoke Suppression in Plants using Bituminous Coal. (In Prepara- 
tion.) 

Clerk's Gas and Oil Engine Small 8vo, 4 00 

Coohdge's Manual of Drawing. 8vo, paper, i 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 2 .50 

Cromwell's Treatise on Toothed Gearing i2mo, i 50 

Treatise on Belts and Pulleys i2mo, i 50 

Durley's Kinematics of Machines 8vo, 4 00 

Flather's Dynamometers and the Measurement of Power x2mo, 3 00 

Rope Driving i2mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers i2mo, i 25 

Hall's Car Lubrication.' i2mo, 1 00 

Bering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 50 

Hutton's The Gas Engine 8vo, s 00 

Jamison's Mechanical Drawing 8vo, 2 50 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, i 50 

Part n. Form, Strength, and Proportions of Parts 8vo, 3 00 

Kent's Mechanical Engineers' Pocket-book i6mo, morocco, 5 00 

Kerr's Power and Power Transmission 8vo, 2 00 

Leonard's Machine Shop, Tools, and Methods 8vo, 4 00 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) . . 8vo, 4 00 
MacCord's Kinematics; or Practical Mechanism 8vo, 5 00 

Mechanical Drawing 4^0. 4 00 

Velocity Diagrams. 8vo, i 50 
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ICacFarland's Standard Reduction Factors for Gases 8yo, 

Mahan's Industval Drawing. (Thompson.) 8to, 

Poole's Calorific Power of Fuels 8vo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richard's Compressed Air Z2mo, 

Robinson's Principles of Mechanism Sro, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith's (O.) Press-working of Metals 8vo, 

Smith (A. W.) and Marx's Machine Design Sro, 

Thurston's Treatise oh Friction and Lost Work in Machinery and Mill 
Work 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics . Z2mo, 

Warren's Elements of Machine Construction and Drawing Sro, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 
Klein.) , 8vo, 

Machinery of Transmission and Governors. (Herrmann — Klein.). .8to, 

Wolff's Windmill as a Prime Mover 8vo, 

Wood's Turbines Sro, 



MATERIALS OP EWGIWEERmG. 

* Bovey's Strength of Materials and Theory of Structures 8to, 7 50* 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition. 

Reset 8vo, 

Church's Mechanics of Engineering 8vo, 

* Greene's Structural Mechanics 8vo, 

Johnson's Materials of Construction 8vo, 

Keep's Cast Iron. 8vo, 

Lanza's Applied Mechanics. 8vo, 

Martens's Handbook on Testing Materials. (Henning.) 8vo, 

Maurer's Technical Mechanics Svo, 

Merrlman's Mechanics of Materials Svo, 

Strength of Materials i2mo, 

Metcalf's SteeL A man-a. Tor Steel-users i2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish Svo, 

Smith's Materials of Mac!iines i2mo, 

Thurston's Materials of .Engineering 3 vols., Svo, 

Part II. Iron and Steel Svo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 

Text-book of the Materials of Construction Svo, 

Wood's (De V.) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber 8vo, 

Elements of Analytical Mechanics Svo, 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel Svo, 4 oa 



. STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram z2mo, z 25 

Carnot's Reflections on the Motive Power of Heat. (Thurston.)^ - . . . i2mo, z 50 

Dawson's "Engineering" and Electric Traction Pocket-book. . . .z6mo mor., 5 00 

Ford's Boiler Making for Boiler Makers iSmo, z 00 

Goss's Locomotive Sparks Svo, 2 00 

Hemenway's Indicator Practice and Steam-engine Economy zamo, a 00 
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Sutton's Mechanical Engineering of Power Plants. 8to, 5 00 

Heat and Heat-engines 8vo, 5 00 

Kent's Steam boiler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector 8vo, i 50 

MacCord's Slide-valves 8vo, 2 00 

Mever's Modem Locomotive Construction 4to, 10 00 

Peabody's Manual of the Steam-engine Indicator famo. i 50 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, i 00 

Thermodimamics of the Steam-engine and Other Heat-engines 8vo, 5 00 

Valve-gears for Steam-engines 8vo, 2 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator. *. Large 8vo, 2 5c 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) i2mo, i 23 

Reagan's Locomotives: Simple Compound, and Electric i2mo, 2 50 

Rontgen's Principles of Thermodynamics. (Du Bois.) 8vo, 5 09 

Sinclair's Locomotive Engine Running and Management i2mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice 12 mo, 2 50 

Snow's Steam-boiler Practice 8vo, 3 00 

Spangler's Valve-gears 8vo, 2 50 

Notes on Thermodynamics i2mo, 1 00 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thomas's Steam-turbines 8vo, 3 50 

^Thurston's Handy Tables 8vo, i 50 

Manual of the Steam-engine 2 vols., 8vo, 10 00 

Part I. History, Structure, and Theory 8vo, 6 00 

Part II. Design, Construction, and Operation 8vo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo, 5 00 

•Stationary Steam-engines 8vo, 2 50 

Steam-boiler Explosions in Theory and in Practice Z2mo, i 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 5 00 

Wehrenfenning'sAnalysisandSofteningof Boiler Feed-water (Patterson) 8vo, 4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design 8vo, 5 00 

Wood's Thermodynamics* Heat Motors, and Refrigerating Machines. . .8vo, 4 oo 



MECHANICS AND MACHINERY. 

Barr's Kinematics of Machinery 8vo, 

* Bovey's Strength of Materials and Theory of Structures 8vo, 

•Chase's The Art of Pattern-making i2mo. 

Church's Mechanics of Engineering 8vo, 

Notes and Examples in Mechanics 8vo, 

Compton's First Lessons in Metal-working i2mo, 

Compton and De Groodt's The Speed Lathe i2mo, 

CromwelTs Treatise on Toothed Gearing i2mo. 

Treatise on Belts and Pulleys i2mo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools. . i2mp. 

Dingey's Machinery Pattern Making i2mo. 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of 1893 4to half morocco, 

u Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics 8vo, 

VoL n. Statics 8vo, 

Mechanics of Engineering. VoL I., Small 4to, 

VoL n Small 4to, 

Durley's Kinematics of Machines. 8vo, 
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Fitzgerald's Boston Machinist i6mo, 

Flather's Dynamometers, and the Measurement of Power lamo. 

Rope Driving x2mo, 

Goss's Locomotive Sparks 8vo, 

* Greene's Structural Mechanics 8vo» 

Hall's Car Lubrication iimo, 

Holly's Art of Saw Filing i8mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Small 8vo, 

* Johnson's (W. W.) Theoretical Mechanics iimo, 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods « . . .8vo, 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

Kerr's Power and Power Transmission 8vo, 

Lanza's Applied Mechanics 8vo, 

Leonard's Machine Shop, Tools, and Methods 8vo, 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean.) . 8vo, 
MacCord's Kinematics ; or. Practical Mechanism 8vo, 

Velocity Diagrams 8vo, 

* Martin's Text Book on Mechanics, Vol. I, Statics lamo, 

Maurer's Technical Mechanics 8vo, 

Merriman's Mechanics of Materials 8vo, 

* Elements of Mechanics izmo, 

* Michie's Elements of Analytical Mechanics 8vo, 

* Parshalland Hobart's Electric Machine Design 4to, half morocco, 

Reagan's Locomotives : Simple, Compound, and Electric izmo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richards's Compressed Air. . r zzmo, 

Robinson's Principles of Mechanism 8vo, 

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 

Sanborn's Mechanics: Problems Large xzmo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Sinclair's Locomotive-engine Running and Management izmo. 

Smith's (O.) Press-working of Metals 8vo, 

Smith's (A. W.) Materials of Machines izmo. 

Smith (A. W.) and Marx's Machine Design 8vo, 

Spangler, Greenland Marshall's Elements of Steam-engineering 8vo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work. , 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics, izmo, 

Warren's Elements of Machine Construction and Drawing 8vo, 

Weisbach's Kinematics and Power of Transmission. (Herrmann — Klein.) . 8vo, 

Machinery of Transmission and Governors. (Herrmann — Kmn.).8vo, 
Wood's Elements of Analytical Mechanics Svo, 

Principles of Elementary Mechanics izmo, 

Turbines Svo, 

The World's Columbian Exposition of 1893 4to, 



METALLURGY. 

Egleston's Metallurgy of Silver, Gold, and Mercury - 

Vol. I. Silver Svo, 7 50 

Vol. II. Gold and Mercury Svo, 7 50 

Goesel's Minerals and Metals* a Reference Book i6mo, mor. 3 00 

** Iles's Lead-smelting. (Postage 9 cents additional.) izmo, z 50 

Keep's Cast Iron. Svo, 2 50 

16 



I 


00 


3 


00 


2 


00 


z 


00 


2 


50 


I 


00 




75 


2 


00 


3 


oS 


2 


00 


I 


50 


3 


00 


z 


00 


7 


50 


4 


00 


4 


00 


5 


00 


I 


50 


I 


25 


4 


00 


5 


00 


z 


00 


4 


00 


iz 


50 


z 


50 


z 


00 


3 


00 


I 


50 


3 


00 


z 


50 


I 


50 


3 


00 


z 


00 


3 


00 


I 


00 


3 


00 


3 


00 


3 


00 


I 


00 


7 50 


5 


00 


5 


00 


3 


00 


I 


25 


z 


50 


I 


00 



Kunhardt's Practice of Ore Dressing in Europe 8vo, i 50 

I^ Chatelier's High-temperature Measurements. (Boudouard — Burgess. )i2mo. 3 00 

Metcalf' s SteeL A Manual for Steel-users i2mo, 2 00 

Miller's Cyanide Process. . » i2mo» 1 00 

Minet*s Production of Aluminum and its Industrial Use. (Waldo.). . . . X2mo, 2 50 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 4 00 

Smith's Materials of Machines i2mo, 1 00 

Thurston's Materials of Engineering. In Three Parts. 8vo, 8 00 

Part II. Iron and Steel 8vo, 3 50 

Part m. A Treatise on Brasses* Bronzes, and Other Alloys and theif 

Constituents 8vo, 2 50 

Ulke's Modern £lectrol3rtic Copper Refining 8vo, 3 00 



MmERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong» morocco* 2 50 

Boyd's Resoiurces of Southwest Virginia 8vo, 3 00 

Map of Southwest Virignia Pocket-book form. 2 00 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 4 00 

Chester's Catalogue of Minerals 8vo, paper» i 00 

Cloth, 1 25 

Dictionary ot the Names of Minerals 8vo 3 50 

Dana's System of Mineralogy Large 8vo, half leather 12 50 

First Appendix \o Dana's New " System of Mineralogy." Large 8vo, i 00 

Text-book of Mineralogy 8vo, 4 00 

Minerals and How to Study Them i2mo, 1 50 

Catalogue of American Localities of Minerals .Large 8vo, 1 00 

Manual of Mineralogy and Petrography i2mo, 2 00 

Douglas's Untechnical Addresses on Technical Subjects i2mo, 1 00 

Bakle's Mineral Tables 8vo, i 25 

Egleston's Catalogue of Minerals and Synonyms 8vo, 2 50 

Goesel's Minerals and Metals : A Reference Book i6mo, mor .. 3 00 

Groth's Introduction to Chemical Crystallography (Marshall) i2mo, i 25 

Hussak's The Determination of Rock-forming Minerals. ( Sn^th.). Small 8vo, 2 00 

Merrill's Non-metallic Minerals' Their Occurrence and Uses 8vo, 4 00 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 
Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) 8vo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 00 



MUSflNG. 

Beard's Ventilation of Mines i2mo, 2 50 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

Map of Southwest Virginia. , Pocket-book form 2 00 

Douglas's Untechnical Addresses on Technical Subjects i2mo, i 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. .4to,hf. mor., 2"^ 00 

Eissler's Modem High Explosives \ 8: -» 4 r 

Goesel's Minerals and Metals * A Reference Book i6mo, mor. 3 00 

Goodyear's Coal-mines of the Western Coast of the United States i2mo, 2 50 

Ihlseng's Manual of Mining 8vo, 5 00 

** Iles's Lead-smelting. (Postage gc. additionaL) i2mo, 2 50 

Kunhardt's Practice of Ore Dressing In Europe 8vo, i 50 

Miller's Cyanide Process i2mo, 1 00 
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-O'Driscoll's Notes on the Treatment of Gold Ores. 8yo» 3 oo 

Robine and Lenglea's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

• Walke's Lectures on Explosives 8vo, 4 00 

Weaver's Military Explosives 8vo, 3 00 

Wilson's Cyanide Processes z2mo, i 50 

Chlorination Process i2mo, i 50 

Hydraulic and Placer Mining lamo, 2 00 

Treatise on Practical and Theoretical Mine Ventilation i2mo, z 25 



SAIOTARY SCIENCE. 

Bashore's Sanitation of a Country House i2mo, i 00 

* Outlines of Practical Sanitation i2mo, i 25 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses i2mo, 2 00 

Fuertes's Water and Public Health. x2mo, i 50 

Water-filtration Works i2mo, 2 50 

Gerhard's Guide to Sanitary House-inspection i6mo, i 00 

Goodrich's Economic Disposal of Town's Refuse Demy Svo, 3 50 

Hazen's Filtration of Public Water-supplies 8vo, 3 00 

Leach's The Inspection and Analjrsis of Food with Special Reference to State 

Control Svo, 7 50 

Mason's Water-supply. (Considered principally from a Sanitary Standpoint) Svo, 4 00 

Examination of Water. (Chemical and Bacteriological) i2mo, i 25 

Ogden's Sewer Design i2mo, 2 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis i2mo, i 25 

* Price's Handbook on Sanitation i2mo, 1 50 

Richards's Cost of Food. A Study in Dietaries X2mo, i 00 

Costiof Living as Modified by Sanitary Science i2mo, i oq 

Cost of Shelter i2mo, i 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point Svo, 2 00 

* Richards and Williams's The Dietary Computer Svo, i 50 

Rideal's Sewage and Bacterial Purification of Sewage Svo, 3 50 

Turneaure and Russell's Public Water-supplies Svo, 5 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) i2mo, z 00 

Whipple's Microscopy of Drinking-water Svo, 3 50 

Winton's Microscopy of Vegetable Foods Svo, 7 5© 

Woodhull's Notes on Military Hygiene x6mo, x sj 

* Personal Hfgiene i2mo, x 00 



MISCELLANEOUS. 

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.). . . .Large x2mo, 

Ehrlich's Collected Studies on Immunity (Bolduan) Svo, 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists. . y Large Svo, 

Ferrel's Popular Treatise on the Winds. Svo. 

Haines's American Railway Management x2mo, 

Mott's Fallacy of the Present Theory of Sotmd i6mo, 

Ricketts's History of Rensselaer Polytechnic Institute, 1824-1894.. Small Svo, 

Rostoski's Serum Diagnosis. (Bolduan.) i2mo . 

_ Rotherham's Emphasized New Testament. Large Svo, 
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|! SteeTs Treatise on tiw DisMses of tiw Doc. 8vo» 350 

l) Tbe WorU'is Coloaibian Exposition of 1893 4tD, i 00 

I Von Behrin g's S upp ression of Tnbercnlosis. (BoMmn.). i2mo» zoo 

; IHnslow's Elements of Apiilied Microscopy iamo» i 50 

Wocvester and Atkinson. Small Ho^tals, EstaUisbmmt and Maintenance; 

^ Sagiestions for Hospital ArclritrrtiiTe : Plans for Small Hospital, lamo, i 15 



HEBREW AUB CHALDEE TEXT-BOOKS. 

Gfoen's Elementary Helvew dammar. iamo« i 15 

Helvew Cfareslomatfay. 8to, a 00 

Gesenins's Hebrew and Chaldee Leric o n to the Old Testament Seriptvts. 

(Tlrecelles.) Small 4tD, half morocco, 5 00 

iLetteris's Hebrew BaUe. Svo, a as 
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s book may be kept 

FOURTEEN DAYS 

A fine of TWO CENTS will be charged 
for each day the book is kept overtime. 
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